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SUMMARY

Optical coherence tomography (OCT) is a non-contact and non-invasive imaging and diagnostic method, that allows the imaging of ocular tissues on
transverse sections in extremely high quality of micrometer resolution. The physical principle of OCT is analogous to ultrasound, but it uses infrared
radiation instead of acoustic waves. By using a low coherent radiation source, it is possible to achieve a higher resolution. Based on the obtained data,
the computer can reconstruct two or three-dimensional images of the examined tissue.

In recent years, we have seen a rapid development in ophthalmic surgery, especially in surgical instruments and imaging methods. However,
the technology of surgical microscopes does not change significantly and thus becomes a limiting factor in the development of ophthalmic
microsurgery.

The integration of the OCT into surgical microscopes, so the introduction of the Intraoperative Optical Coherence Tomography (iOCT), opens up
further possibilities for displaying/looking at the operating field and adapting surgical techniques to the current situation during the surgery. On
the contrary, the disadvantage is the prolongation of the surgery time and thus the theoretical increase in possible complications related to the
surgery.

iOCT can be used for operations on the anterior and posterior segment of the eye. In anterior segment surgery, it is used mostly in penetrating and
lamellar keratoplasty, glaucoma surgery and cataract surgery. In posterior segment surgery, it is used during pars plana vitrectomy.

The aim of the article is to provide a comprehensive overview of the current possibilities of using iOCT in eye surgery.
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INTRODUCTION

Optical coherence tomography (OCT) is a non-contact
and non-invasive imaging and diagnostic method, that
allows the imaging of ocular tissues on transverse secti-
ons in extremely high quality at micrometer resolution.

The introduction of OCT into clinical practice by Carl
Zeiss Meditec (Dublin, CA) in 1995 changed the possi-
bilities for examining patients with retinal diseases and
became an integrated part of the work in ophthalmology
practice. It enabled a better and more detailed under-
standing of the anatomical conditions on the retina and
the pathophysiology of various retinal diseases, as well as
the planning of their surgical treatment.

Gradual miniaturization of OCT into the form of portab-
le devices and their subsequent integration into opera-
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ting microscopes offers the possibility of using this ima-
ging technology during the operation and adapting the
surgical procedure to the current situation.

Intraoperative OCT (iOCT) is used for operations of the
anterior and posterior segments of the eye. In anterior
segment surgery, it can be used in a wide range of proce-
dures, especially in penetrating, lamellar and endothelial
keratoplasty [1-12], glaucoma surgery [13], cataract sur-
gery [1,14-16] and tissue biopsies [1,17-18]. In posterior
segment surgery, it is used during pars plana vitrectomy
(PPV) to treat vitreous and retinal pathologies.

EVOLUTION OF I0CT

Only spectral OCTs are used in operating theaters for
their higher speed and higher resolution. In spectral do-
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main OCT (SD-OCT), the spectrum of all light rays at dif-
ferent frequencies is detected by an interferometer with
a high-speed spectrometer, and signal processing is per-
formed in the frequency domain using a Fourier trans-
formation. The measuring beam is used very efficiently,
all layers of the tissue reflecting light simultaneously so
that the reference mirror does not have to move, unlike
time-domain OCT (TD-OCT). SD-OCT devices thus reach
a speed of 20,000-100,000 A-scans per second with an
axial resolution of 5-7 um, and hence the examination is
a hundred times faster than with TD-OCT [19].

The history of using iOCT began in 2007 with the int-
roduction of handheld SD-OCT (Bioptigen, Inc., Research
Triangle Park, NC), which operated at 840 nm and produ-
ced retinal images with an axial resolution of less than 5
pum. This OCT device enabled the examination of supine
adult and pediatric patients in the operating theater [20].

When using manual OCT in the operating theater,
it was necessary to interrupt the surgery. This not only
prolonged the surgery time, but also increased the risk of
contamination of the surgery field. Attaching the hand-
held OCT to a microscope (microscope-mounted iOCT -
MM-iOCT) improved but did not eliminate these practical
problems. However, the time required to take an image
of the retina has been reduced, the quality and repro-
ducibility of the images have been improved, and OCT
control using the microscope pedal has been simplified
[21-23].

Although the MM-iOCT facilitated the focus of the OCT
during scanning, it was still not possible to visualize the
interaction of surgical instruments and operated tissue.
This was made possible by the advent of the OCT inte-
grated into the microscope (microscope-integrated iOCT
- Mi-iOCT).

Mi-iOCT has built-in OCT optic path within the optics of
the microscope, allowing better focusing of the scanning
beam and imaging of parafocal and coaxial OCT images
along with the surgical view through the microscope
oculars. With Mi-iOCT, the surgeon has a real-time view of
the operated tissue during the surgical manoeuvre being
performed [24].

The first article on the use of Mi-iOCT in vitreoretinal
surgery was published by Toth in 2010. It described his
experience with a research OCT prototype integrated
into a standard surgery microscope. Other early prototy-
pes included the Cirrus SD-OCT (Carl Zeiss Meditec) inte-
grated into a Zeiss OPMI VISU 200 surgical microscope,
and the EnFocus OCT (Leica Microsystems) [24].

Currently, 3 systems are commercially available. The
first is the Zeiss RESCAN 700 (Carl Zeiss Meditec), which is
built into the Zeiss Lumera 700 microscope. The RESCAN
700 is controlled by the microscope pedal and iOCT
data are displayed in real time in the microscope oculars
and on the external monitor. The second system is iOCT
(OPMedT GmbH) built into the microscope HS Hi-R NEO
900A NIR (Haag-Streit Surgical). This device also projects
the iOCT image into the oculars and on the external mo-
nitor. The third system is EnFocus OCT (Leica Microsys-
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tems), which is connected to a Leica Proveo 8 surgical
microscope. EnFocus has an increased number of scan-
ning patterns for better imaging of pathological tissue
and displays OCT images on the external monitor [24].

PUBLISHED ARTICLES

Since the introduction of OCT technology in operating
theaters, a number of papers have been published that
have dealt with this topic. However, they were relatively
small and retrospective, and they corresponded in time
to the stage of development of iOCT used at that time.
They focused on the real feasibility (ability to take a usab-
le OCT image during surgery) and utility of iOCT (getting
an overview of tissues and/or influencing the surgical
procedure based on the iOCT image). The first prospec-
tive study was the PIONEER study, which used a manu-
al MM-iOCT, SD-OCT (Bioptigen, Inc., Research Triangle
Park, NC) [9,25]. In current times it is the up-to-date Mi-
-iOCT which has been addressed in the prospective study
DISCOVER [3,5,26-29].

The older PIONEER study (Prospective Intraoperati-
ve and Perioperative Ophthalmic ImagiNg with Optical
CoherEnckE TomogRaphy) from 2014, was a 2-year pro-
spective study (single-center, multi-surgeon, consecuti-
ve, case series) that evaluated the feasibility, safety and
utility of iOCT. A total of 531 operated eyes were inclu-
ded in the study (275 anterior segment and 256 poste-
rior segment surgeries). OCT images were taken in the
operating theatre by a trained technician. In contrast
to the DISCOVER study, a manual MM-iOCT, SD-OCT (Bi-
optigen, Inc., Research Triangle Park, NC), was used for
scanning. The stabilizing arm was specially developed for
Leica and Zeiss microscopes and was compatible with
the Oculus BIOM indirect imaging system as well as the
contact wide-angle lens. Through the stabilization arm,
the surgeon operated the OCT using the X-Y-Z pedal of
the microscope, while taking images. At the end of the
surgery, the surgeon recorded the imaging specifications
(scan type, size, orientation, density) and answered ques-
tions about the feasibility and utility of the OCT during
the surgery.

The DISCOVER study (Determination of Feasibility of
Intraoperative Spectral Domain Microscope Combined/
Integrated OCT Visualization During En Face Retinal and
Ophthalmic Surgery) from 2018 was a 3-year prospective
study (single-site, multi-surgeon, consecutive, case se-
ries) dealing with the feasibility and utility of iOCT during
both anterior and posterior segment surgeries. A total of
837 operated eyes were included in the study (244 an-
terior segment and 593 posterior segment surgeries). 3
prototypes of Mi-iOCT systems (Zeiss Rescan 700, Leica
EnFocus and Cole Eye iOCT) were used in this study. Mi-
-iOCT was controlled by the surgeon and used in defined
parts of the surgery. At the end of the surgery the sur-
geon filled in a questionnaire evaluating the feasibility
and utility of Mi-iOCT.

Both studies evaluated the feasibility and utility of
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iOCT during ocular surgery. In the PIONEER study, images
were obtained in 98% of cases (518 eyes out of 531). The
surgeon identified it as useful in 48% (69 of 144) of po-
sterior lamellar keratoplasties and in 43% (63 of 146) of
PPVs with epiretinal membrane peeling (ERM). The most
common anterior segment surgery was DSAEK (Desce-
met Stripping Automated Endothelial Keratoplasty) (n =
138) and the most common posterior segment surgery
was PPV with ERM peeling (n = 154). The average time to
obtain an iOCT image was 4.9 minutes. No side effects of
iOCT were reported during the study.

In the DISCOVER study, images were also obtained in
98% of cases (821 eyes out of 837). Surgeons rated the
Mi-iOCT information as useful in 43.4% (106 of 244) for
anterior segment surgery and 29.2% (173 of 593) for pos-
terior segment surgery. In 19% of PPVs with ERM peeling,
the Mi-iOCT image did not correspond to the surgeon's
original impression, when looking at the operating field
through microscope optics. The most common anteri-
or segment surgeries were DSAEK (n = 123) and DMEK
(Descemet Membrane Endothelial Keratoplasty) (n = 60),
and the most common posterior segment surgeries were
PPV with ERM peeling (n = 121), PPV in proliferative dia-
betic retinopathy (n = 132), rhegmatogenic retinal deta-
chment (n = 120), and macular hole (n = 77). No disrupti-
on of the surgery was noted during the anterior segment
operations. In the case of rear segment operations, Mi-
-iOCT disrupted and delayed the operation in 6% of cases
(n = 37), the most common reason being a failure of the
microscope software with the need to restart the system.
Despite the prolongation of the surgery, no side effects
were reported.

CURRENT POSSIBILITIES OF USING MI-IOCT

Although a randomized study has not yet been repor-
ted, the published works describe the use of iOCT in an-
terior and posterior segment surgeries.

Anterior segment

Posterior lamellar keratoplasty

iOCT enables evaluation of the attachment and orien-
tation of the transplanted lamella to the corneal stroma
and provides information about residual fluid between
them (Figure 1,2). This is an advantage especially in cases
with worsened corneal transparency [30].

Perforating keratoplasty
iOCT helps to adapt the edges of the transplanted cor-
nea (Figure 3).

Corneal biopsy and DALK (Deep Anterior Lamellar Kera-
toplasty)

iOCT gives information about the depth of trepanation
in the corneal stroma [30].

Cataract surgery

iOCT may be useful in evaluation of the morphology
of the corneal incision (Figure 4,5), the condition of the
posterior capsule, and the position of the lens in the bag.
In the study of anterior chamber depth and posterior
capsule position, Fram et al found, that the iOCT-based
calculation of the dioptric strength of the implanted in-
traocular lens was more accurate than the preoperative
biometric calculation [31].

Glaucoma surgery

Additional information from iOCT may be useful in vi-
sualizing the ocular anatomy and confirming surgical go-
als during the surgery, such as scleral flap depth imaging
(Figure 6), iris prolapse detection, and correct intubation
placement (Figure 7,8) [13].

Posterior segment

iOCT is beneficial in macular surgery, retinal deta-
chment surgery and diabetic retinopathy surgery. It is
not very suitable for displaying the peripheral retina, but

Figure 1. Position of the lamella during DMEK (Descemet Membrane Endothelial Kerato-
plasty) before the injection of the air bubble
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Figure 2. Control of the lamella attachment to the corneal stroma after injection of an air
bubble at the end of the DMEK (Descemet Membrane Endothelial Keratoplasty)

Figure 3. Adaptation of the donor lamella during the perforating keratoplasty with a fem-
tosecond laser — Top Hat wound shape configuration

Figure 4. Leaking main corneal incision during cataract surgery, before corneal stromal
hydration
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approximately 2/3 of the retinal surface can be displayed.
Ehlers et al recommend performing the initial steps of
the surgery, then using iOCT to evaluate whether the de-
sired goal has been achieved, and then to complete the
procedure, if necessary [30].

Epiretinal membrane

iOCT provides information on whether all membranes
have been completely removed from the retinal surfa-
ce or whether further membrane staining and peeling
is required. It can also be checked whether or not the
neuroretinal tissue was damaged during the procedure
(Figure 9).

Vitreomacular traction

iOCT enables evaluation of the strength of vitreomacu-
lar traction in real time and visualizes thin-walled cysts,
which need to be protected against rupture during vitre-

ous separation and membrane peeling. Their periopera-
tive evaluation and the adaptation of surgical technique
affect postoperative anatomical and functional outco-
mes [32].

Macular hole

The anatomical configuration of the macular hole, its
size and shape, affect the postoperative closure of the
hole and the functional result of the surgery (Figure 10)
[24]. Ehlers et al studied the dynamics of internal limiting
membrane (MLI) peeling and architectural changes in the
outer layers of the retina and retinal pigment epithelium
using iOCT. They found that the accumulation of subreti-
nal fluid after MLI peeling prolongs postoperative visual
acuity regeneration. This perioperative iOCT finding can
influence not only the MLI peeling technique itself, but
also the decision whether to use an air or gas tampona-
de at the end of the surgery, or to aspirate the subretinal

Figure 5. Closure of the main corneal incision by hydration of the corneal stroma

Figure 6. Deep sclerectomy with implantation of the subchoroidal implant Esnoper Clip
- control of its position and of the integrity of the Schlemm's canal wall
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Figure 7. Ex-press glaucoma implant reimplantation — incorrect position of the intubati-
on opening in the corneal stroma

Figure 8. Ex-press glaucoma implant reimplantation — correct position of the intubation
opening in the anterior chamber

Figure 9. Verification of the hemorrhage location in the area of the maculopapillary bundle
after peeling of the epiretinal membrane - no damage of the neuroretinal tissue happened
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fluid and the contents of the hole with a Charles cannula
[25,33].

iOCT can be also used in the case of macular hole re-
operation, when the surgeon decides to transplant the
free MLI piece from another part of the retina. Using
iOCT, it is possible to check the exact position of the MLI
in the macular hole.

Retinal detachment

Using iOCT, residual subretinal fluid in the macula can
be imaged, and the surgeon's decision can then be made
as to whether further aspiration of the subretinal fluid is
required via a posterior retinotomy or whether posto-
perative face down positioning is necessary to prevent
macular folds.

Diabetic retinopathy
iOCT is useful in the case of complicated findings in dia-

betic retinopathy, where it is necessary to identify the le-
vel of segmentation and delamination of the posterior vi-
treous and epiretinal membranes from the neurosensory
retina, especially with impaired visibility and bleeding.

Biopsy of the retina and choroid
iOCT facilitates finding the optimal place to perform a
biopsy [30].

Subretinal implants and gene therapy

In the clinics dealing with this issue, iOCT is highly va-
lued for the ability to verify the correct placement of the
retinal implant or genetic material in the subretinal spa-
ce. In such surgeries, the use of iOCT is considered as a
standard part of the procedure [30].

iOCT as a teaching method
Imaging of the surgery field with iOCT helps in training

Figure 10. Macular hole imaging using iOCT

Figure 11. Verification of macular condition during PPV (Pars plana vitrectomy)
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Figure 12. Evaluation of the location of the macular hemorrhage - in this case located
under the internal limiting membrane

less experienced retinal surgeons. They can verify that
their assessment of the current situation on the retina
corresponds to the reality (Figure 11). They can evaluate
epiretinal membranes, strength of vitreomacular tracti-
on, reaction of a macular hole to MLI peeling and aspi-
ration of its contents, location of macular hemorrhage
(Figure 12), etc.

DISCUSSION

iOCT has been in clinical use since 2007. One of the re-
asons why it has not yet become more widespread is the
fact that many devices have actually been functional pro-
totypes over time. The introduction of current Mi-iOCT
systems represents a realistically available and usable
solution. We have been using Mi-iOCT in our clinic since
2020, especially during posterior lamellar keratoplasties
and pars plana vitrectomies. We use the Zeiss RESCAN
700 (Carl Zeiss Meditec) built into the Zeiss Lumera 700
microscope.

The main disadvantage that prevents more widespre-
ad expansion of iOCT is the relatively high purchase price
of the devices. Surgeons see and understand the benefits
of integrated OCT but must also consider the cost. More
studies are needed to demonstrate the clinical benefit of
iOCT and hopefully to help convince healthcare payers to
consider the use of iOCT during surgery in their financial
assessment of procedures.

However, it must be said that even current systems are
not yet perfect and that there is room for improvements.

Although the image quality is well usable, it still lags
significantly behind the quality of images from separa-
te devices commonly used in ophthalmology clinics. An
improvement in quality could be achieved by increasing
the intensity of the radiation used, but this must not ex-
ceed the phototoxicity limit for the retina (according to
ANSI - American National Standards Institute, the current
maximum exposure limit is 700 uW of continuous radia-
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tion in the 800-900 nm spectrum through a 7 mm pupil
for 8 hours). It is also necessary to take into account the
toxicity of the tissue dyes used during the surgery and
the additional effect of microscope and endoilluminator
light. Thus, the improvement in the quality of OCT ima-
ging consists mainly in the reduction of signal loss when
passing through the optical system of a microscope [20].

Mi-iOCT also lacks the eye-tracking to keep the image
focused to the point of interest during eye movements
during the surgery. This would significantly improve real-
-time imaging during the tissue manipulation. Currently
it is usually necessary to interrupt the procedure to take
a picture [20].

The availability of iOCT-compatible instrumentation is
also related to real-time scanning. Currently-used metal
tools cast a shadow on the tissues below them, making it
impossible to display them (Figure 13). It is significantly
better with instruments made of polyamide and silicone.
Such tools are under development [20].

The ability to display iOCTs in the assistant's eyepieces
would also be useful, especially for teaching. Current sys-
tems display iOCTs only in the surgeon's main eyepieces. At
the same time, the image quality of the iOCT in the eyepie-
ces lags behind the image quality on the external monitor.

Software analysis of the surgery field, which would, for
example, display areas with residual membrane or assess
the amount of residual subretinal fluid or fluid between
the transplanted corneal lamella and stroma, would in-
crease the utility of iOCT [30].

The use of Mi-iOCT has probably only one relative
disadvantage, and that is a slight prolongation of the
surgery time (approximately 60-90 s to obtain 1 image)
and thus a theoretical increase in possible complications
related to surgery (bleeding, infection, patient-subjec-
tive problems - pain, restlessness, poorer cooperation,
and the resulting other possible risks, such as unexpec-
ted patient movement). On the other hand, the resulting
operation time can be shortened, because we can assure
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Figure 13. Shadowing of the underlying retinal structures caused by the metallic surgical
instrument

ourselves that the manoeuvre is completed, and other
unnecessary surgical steps can be avoided.

CONCLUSION

Based on published works and our practical experi-
ence, iOCT is a promising and useful addition to a stan-
dard surgery microscope. During the operation, it offers
the advantage of a new view of the surgery field, allows
more precise performance of the procedure, and can also

change the surgeon's decisions during the surgery.

The relative disadvantage is the price of the device.
However, it can be assumed that further expansion of
this technology will lead to lower prices and Mi-iOCT will
become standard equipment of surgery microscopes in
the near future.

Despite the relatively high number of smaller retro-
spective studies and 2 large prospective studies, additio-
nal prospective, multicenter iOCT studies will be needed
to demonstrate the clinical benefit of iOCT technology.
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