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Abstract: Background: Non-invasive diagnostic technologies in ophthalmology have substantially
transformed contemporary clinical practice. Intraoperative optical coherence tomography (iOCT)
systems have recently been used for various surgical interventions, including the treatment of full-
thickness macular holes (FTMHs). Materials and Methods: We conducted a systematic review on
the use of iOCT and its possible benefits in the management of FTMHs, following the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses guidelines (PRISMA). The level of
evidence according to the Oxford Centre for Evidence-Based Medicine (OCEM) 2011 guidelines, and
the quality of evidence according to the Grading of Recommendations Assessment, Development
and Evaluation (GRADE) system, were assessed for all included articles. Results: 1131 articles were
initially extracted, out of which 694 articles were obtained after duplicates were removed and their
abstracts screened. A total of 65 articles was included for full-text review. Finally, 17 articles remained
that fulfilled the inclusion criteria. Conclusions: Even though there is just a small number of studies
with solid results, the use of iOCT in FTMH surgery may be a helpful tool for both novice and
experienced surgeons planning and managing difficult cases. Additionally, it could be used for
teaching reasons and for exploring novel surgical techniques.

Keywords: intraoperative OCT; macular hole; vitreoretinal surgery; surgical technique

1. Introduction

Pars plana vitrectomy (PPV) is the most performed vitreoretinal procedure, and there
has been an increase in the number of patients undergoing PPV since the early 2000s in the
Western world [1,2]. This type of surgery is used to treat a wide range of retinal disorders,
including diseases of the vitreomacular interface, and has undergone substantial upgrading
in recent years [3]. The emergence of minimally invasive procedures and the availability of
cutting-edge technologies has made this treatment more successful and safer [4].

Intraoperative optical coherence tomography (iOCT) devices have recently been fully
embedded into ophthalmic surgical microscopes, opening new perspectives and widening
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the possibilities of tissue imaging during vitreoretinal surgery, as well as during anterior
segment surgery [5].

iOCT is a non-contact, real-time, high-resolution imaging technique that can assess
the smallest and thinnest ocular structures intrasurgically, from the cornea up to the retina
and the optic nerve, without an interruption of the surgical procedure (Figures 1 and 2) [6].
However, the value of the real advantages of incorporating iOCT into routine clinical
practice is still being debated [7,8].
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Figure 2. Appearance of an FTMH on iOCT after ILM peeling and inverted flap before (A) and
after (B) PFCL injection viewed through a horizontal (green arrow) and vertical (purple arrow)
cross-section. Notice that the ILM flap flattens after PFCL injection and that the diameter of the
FTMH is reduced. Abbreviations: FTMH, full-thickness macular hole; iOCT, intraoperative optical
coherence tomography; ILM, internal limiting membrane; PFCL, perfluorocarbon liquid.

A full-thickness macular hole (FTMH) is a common vitreomacular interface disorder
that can cause significant central vision loss and reduce patients’ quality of life [9]. FTMHs
are typically idiopathic; however, they can be associated with trauma, excessive myopia,
vitreoretinal traction syndrome, proliferative diabetic retinopathy, age-related macular
degeneration, or solar retinopathy [10]. Application of iOCT-assisted PPV for treatment of
macular disorders, especially FTMH and its efficacy, has been reported [11]. The studies
describe the methodology, handling, use, and advantages of three different iOCT systems:
handheld, microscope-mounted, and microscope-integrated iOCT [11].

The purpose of this systematic review is to analyze and summarize current uses
of iOCT in the management of FTMHs while evaluating the level and quality of the
research included.
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2. Materials and Methods

A systematic review was conducted and reported according to the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines [12]. The review
protocol was not recorded in the study design, but a registration number will be available for
consultation. The methodology used consisted of a systematic search of all available articles
exploring the use of iOCT in patients undergoing surgery for FTMH. To identify all relevant
published articles, we performed a systematic literature search on 18 August 2022 using
controlled vocabulary and test words for “vitreoretinal surgery” “vitrectomy” “retina tear”
“macular hole’, “optical coherence tomography” and “intraoperative optical coherence
tomography” in the electronic databases Ovid Medline, Embase (Ovid), Cochrane Register
of Controlled Trials, and Cochrane Database of Systematic Reviews. The search was not
restricted by language, publication type, study design, or date of publication. The complete
search strategy is given in Appendix A.

Subsequently, the reference lists of all identified articles were examined manually to
identify any potential study not selected by the electronic searches. After the preparation of
the list of all electronic data, two reviewers (FC and HH) examined the titles and abstracts
independently and identified relevant articles. Exclusion criteria were review studies, pilot
studies, case series with fewer than 8 patients, case reports, photo essays, and studies
written in languages other than English. Also excluded were studies performed on animal
eyes, cadaveric eyes, and pediatric patients.

The same reviewers registered and selected the studies according to the inclusion
and exclusion criteria by examining the full text of the articles. Any disagreement was
assessed by consensus, and a third reviewer (GP) was consulted when necessary. No
further unpublished data were obtained from the corresponding authors of all selected
articles, which were analyzed to assess the level of evidence according to the Oxford Centre
for Evidence-Based Medicine (OCEM) 2011 guidelines [13] and the quality of evidence
according to the Grading of Recommendations Assessment, Development and Evaluation
(GRADE) system [14].

3. Results

Figure 3 summarizes the flow diagram of the search approach, and the results of
the analysis are collected and displayed in Table 1. A total of 1131 articles was initially
extracted. Consequently, 694 articles were obtained after duplicates were removed and
their abstracts were screened, and 65 articles could be included for the full-text review
and more in-depth evaluation of inclusion/exclusion criteria. Finally, 17 articles remained
that fulfilled all the inclusion criteria. The determining reasons behind each choice are
summarized in Appendix B.

Table 1 summarizes the features, key outcomes, degree, and grade of existing evidence
concerning the impact of iOCT in FTMH surgical management.

Due to the heterogeneity of the available data and the study designs, no data synthesis
could be attained. As a result, the current review presents a qualitative analysis that is
systematically conducted below.
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Table 1. Characteristics, quality, and level of evidence of the included studies and features of the
iOCT cited by these articles.

Author
(et al.) Year Study Design Study Sample

(Eyes)
Type of
Surgery

iOCT
Specifications Grade 1 Level 2

Yee [15] 2021 Post hoc 84 PPV
ILM peeling

Rescan 700/
EnFocus Moderate 3

Tao [16] 2021 Retrospective 339 PPV
ILM peeling Adoptivue iOCT Low 4

Nisihitsuka [17] 2021 Retrospective 10 PPV
ILM peeling Rescan 700 Very low 4

Tao [18] 2020 Retrospective 53 PPV
ILM peeling Adoptivue iOCT Low 4

Lorusso [19] 2020 Retrospective 29 PPV
ILM peeling Rescan 700 Low 4

Lytvynchuk [20] 2019
Prospective,

non-randomized,
observational

8

PPV
ILM peeling/

flap
technique

Rescan 700/
EnFocus
UltraHD

Very low 4

Inoue [21] 2019 Retrospective,
case-control 33 PPV

ILM peeling Rescan 700 Low 4

Ehlers [22] 2019 Post hoc 37 PPV
ILM peeling Bioptigen SDOIS Low 4

Runkle [23] 2018 Post hoc 95 PPV
ILM peeling Bioptigen Envisu Moderate 4

Kumar [24] 2018 Retrospective,
interventional 25 PPV

ILM peeling Rescan 700 Low 4

Bruyere [25] 2018 Retrospective,
observational

22 PPV
ILM peeling

Rescan 700,
integrated HD

OCT
Low 4

Uchida [26] 2017 Post hoc 34
PPV
ILM

peeling/flap
technique

Rescan 700,
Lumera 700 Low 4

Razi-Esfahani
[27] 2015 Case series 32 PPV

ILM peeling
iVue hand-held

SD-OCT Low 4

Falkner-Radler
[28] 2015 Prospective,

interventional 70 PPVILM
peeling

Carl Zeiss
Meditec/Cirrus Moderate 4

Ehlers [29] 2014 Retrospective 21 PPV
ILM peeling Bioptigen SDOIS Low 4

Ehlers [30] 2014 Prospective 37 PPV
ILM peeling Bioptigen SDOIS Low 4

Ray [31] 2011 Retrospective 25 eyes
(13 MH)

PPV
ILM peeling

Bioptigen Low 4

1 Quality of evidence according to the Grading of Recommendations Assessment, Development and Evaluation
(GRADE) system [14]. 2 Level of evidence according to the Oxford Centre for Evidence-Based Medicine (OCEM)
2011 guidelines [13]. Abbreviations: PPV, pars plana vitrectomy; ILM, internal limiting membrane; MH, macular
hole; iOCT, intraoperative optical coherence tomography.
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Ray et al. conducted a retrospective analysis of all patients receiving FTMH surgery
or epiretinal membrane (ERM) removal with non-microscope-integrated Spectral Domain
iOCT (iSD-OCT) [31]. They utilized the Bioptigen system (Bioptigen, Inc; InVivoVue
Clinic v1.2), which consists of an SD-OCT handheld device that requires a steady operator.
Steadiness is required to obtain reproducible images of the macular region, which is a long
and complicated task to complete with such an instrument. A total of 13 eyes of 13 patients
who received PPV for FTMH and had iSD-OCT scan were recruited. Two patients displayed
low-quality images and were excluded, whereas the remaining 11 eyes were subjected to
quantitative analysis, which demonstrated the stability of the FTMH height and the hole
diameter upon internal limiting membrane (ILM) peeling, as well as an increase in the
diameter of the subretinal fluid under the macula in 10 out of 11 eyes (e.g., on average an
87% wider diameter). They concluded that the use of iSD-OCT provided new insights into
the changes of the FTMH shape during surgery and that the device could be a useful tool
in retinal surgery.

Ehlers et al., using iOCT, retrospectively assessed the intraoperative retinal architec-
ture and FTMH geometric modifications that occur following surgical repair [30]. They
used the microscope-mounted Bioptigen SDOIS system (Bioptigen Inc, Research Triangle
Park, NC, USA). iOCT could successfully scan 21 eyes, out of which 19 had images with
enough signal potency to enable quantitative analysis. Following ILM peeling, significant
changes in FTMH shape could be observed, including increased FTMH volume, increased
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base area, and decreased top (inner or apex) area. Furthermore, enhanced subretinal hy-
poreflectance was observed by increasing the height between the inner/outer segment
and RPE bands. The extent of the architectural modifications did not correspond with the
peeling procedures or the surgeon’s experience. The visual results and FTMH closures
were linked to the macular-hole algorithm readings and changes. They concluded that
significant modifications occurred in the FTMH architecture and outer retinal configuration
after ILM peeling. These changes could be observed only with iOCT imaging. Finally,
the study demonstrated significant adjustments in the FTMH structure following surgical
intervention, including increased FTMH volume, enlargement in the base (outer) size (area
and diameter), and decrease in the internal area.

In a different study, Ehlers et al. performed an iOCT with the Bioptigen SDOIS
system (Bioptigen, Inc., Research Triangle Park, NC, USA), which was connected to the
surgical microscope through a customized microscope-mounting device [29]. This was
a prospective, single-center, multi-surgeon investigation using iOCT. It included a case
series of patients undergoing surgery for FTMH. The study was named “Prospective
Assessment of Intraoperative and Perioperative OCT for Ophthalmic Surgery (PIONEER)
study”. Imaging was examined at two time points during surgery: just before the start
of the PPV (pre-incision scan) and after ILM peeling (post-peel scan). A total of 55 eyes
that received effective FTMH operation was reported in the PIONEER trial. Thirteen eyes
were rejected because of concomitant macular illness, one for a traumatic FTMH, one for
absence of ILM peeling after surgery, and three for low quality in the acquired scans. As a
result, 37 eyes from 36 patients were included. It was concluded that persistent subfoveal
fluid following FTMH surgery is a frequent sign that seems to delay functional recovery
but does not hinder the final outcome. The frequency of the presence of subfoveal fluid is
very likely related to the changes in the outer layers of the retina caused by intraoperative
manipulation during ILM peeling. The modifications included the ellipsoid zone and retinal
pigmented epithelium (EZ-RPE) vertical height and the horizontal width of the subretinal
hyporeflectivity. These findings were crucial in formulating new theories explaining FTMH
closure through ILM peeling, such as altering photoreceptor/RPE adherence, which, by
enhancing retinal mobility, can make the hole close completely.

Falkner-Radler et al. aimed at evaluating microscope-integrated iSD-OCT during
macular surgery in a monocentric, prospective investigation [28]. It was performed using a
high-definition OCT system, Cirrus HD (Carl Zeiss Meditec, Oberkochen, Jena, Germany),
adapted to the optical pathway of the OPMI VISU 200 surgical microscope (Carl Zeiss
Meditec, Oberkochen, Germany). The study compared the efficacy of iOCT imaging to the
use of retinal dyes for ILM identification in macular surgery. The research comprised 51
individuals with ERM, 8 of whom had an associated lamellar macular hole, 11 of whom had
vitreomacular traction, and 8 of whom had FTMH. One of the FTMH patients displayed
a curled margin of the ILM in the iSD-OCT images, which made the iSD-OCT-assisted
ILM peeling possible without requiring dye-assisted ILM staining. A macular ILM peeling
with dye assistance was necessary for the remaining seven individuals. In all eight cases,
preoperative iSD-OCT revealed a disrupted EZ and/or external limiting membrane (ELM)
surrounding the FTMH. iSD-OCT scans after ILM peeling revealed an increased width
of the FTMH base due to enhanced subretinal hyporeflectivity under the neighboring
retina produced by the increased height between the EZ and the RPE. They concluded
that iOCT was not inferior to retinal dyes in confirming successful removal of membranes.
Nevertheless, the visualization of the flat membranes, as ILM often appears around the
FTMH, was better after staining than with iOCT.

Riazi-Esfahani et al. studied the utility of a hand-held iSD-OCT in finding retinal
structural alterations in 32 eyes during various steps of macular interventions for FTMH,
ERM, and vitreomacular traction syndrome [27]. iOCT images were acquired using the
iVue handheld SD-OCT (Optovue Inc., Fremont, CA, USA). The images were taken in
three steps throughout the surgical procedure: before the induction of posterior vitreous
detachment (PVD), after PVD induction, and after ILM peeling. Sixteen eyes of 16 patients
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underwent PPV for FTMH. One patient was diagnosed with a traumatic macular hole,
whereas the other 15 had idiopathic FTMHs. In the 16 cases of FTMH, a decrease in FTMH
apex (inner or top) diameter was observed following ILM peeling, whereas there were no
major changes in the FTMH base diameter and height. These results are in contrast to those
reported by Ray et al., who reported an increase in FTMH base diameter and no change in
FTMH minimum diameter [31]. According to Riazi-Esfahani et al., the absence of ERM in
most cases could have required less manipulation during surgery than in the study of Ray
et al., which could have reduced the possibility of subretinal fluid accumulation and retinal
detachment. They concluded that the success rate of closure of FTMHs may benefit from
additional intraoperative measurements and could be anticipated by a decrease in FTMH
diameters demonstrated by iOCT.

Uchida et al. aimed at investigating acute retinal alterations identified with iOCT
immediately after surgical operation with the Finesse Flex Loop for vitreoretinal interface
disorders [26]. This study is part of the Determination of feasibility of Intraoperative Spec-
tral domain microscope Combined/integrated OCT Visualization during En face Retinal
and ophthalmic surgery (DISCOVER) study, a prospective study analyzing the feasibility
and use of iOCT integrated into a surgical microscope [32]. This study used a prototype
Rescan 700 (Carl ZeissMeditec, Oberkochen, Germany) iOCT device connected to a Lumera
700 (Carl Zeiss Meditec) microscope. Altogether, 34 eyes of 34 patients with a mean age
of 72.7 years were studied, 25 of whom were women. The intraoperative diagnosis was
FTMH in 21 eyes (62%) and ERM in 13 (38%) cases. In all the procedures, an indocyanine
green-assisted ILM peel was started by using the membrane loop. They concluded that the
membrane loop aided in the commencement of the ILM peeling and provided clinically ad-
equate safety throughout the macular surgery with no major intraoperative adverse events.
Following membrane-peeling treatments, the iOCT revealed a low rate of retinal changes.

Bruyère et al. reported on the experience provided by iOCT imaging during vitreo-
macular surgery in highly myopic eyes [25]. They performed a retrospective consecutive
case-series analysis on highly myopic eyes that received macular surgery for ERM, FTMH,
and myopic foveoschisis using iOCT. Ten eyes were diagnosed with FTMH. The study con-
ducted a qualitative and quantitative evaluation of retinal alterations following each phase
of the surgical procedure, including the discovery of persisting epiretinal structures, new
retinal tears, central macular thickness, and FTMH sizes. iSD-OCT images were acquired
throughout operation with the Rescan™ 700 system (Carl Zeiss Meditec, Oberkochen,
Germany). The measurements of minimal horizontal diameter of FTMHs obtained before
and after ILM peeling were not significantly different. Similarly, the FTMH base diameters
obtained before and after ILM peeling were not significantly different. The study also
demonstrated that the iOCT acquisitions passing through the optic disc and the macular
region might represent a useful screening step in the detection of PVD in highly myopic
eyes before using triamcinolone acetonide. Furthermore, the study concluded that iOCT
enhances surgeons’ ability to detect ERM and ILM as well as the presence of retinal holes.

Kumar et al. described a new intraoperative sign during PPV for FTMH using an iSD-
OCT in an attempt to anticipate the likelihood of closure of FTMHs [24]. This retrospective
interventional study included 25 eyes of 25 patients with FTMH who received a 25-gauge
PPV over a 16-month period at a tertiary referral hospital by the same surgeon. Before
and after ILM peeling, all eyes were evaluated using the iSD-OCT Rescan™ 700 system
(Carl Zeiss Meditec, Oberkochen, Germany). The study concluded that the hole-door sign,
defined as the visualization of remaining tissue on the margin of the FTMH following
ILM peeling, was a reliable predictor of postoperative hole closure. All eyes with the
hole-door sign reached successful closure. However, the precise structure of such tissue
pieces remains unknown. They are probably not vitreous remnants because no tissue
fragment was observed following PVD induction and before ILM peeling began. They
hypothesized that the hole-door sign might have been generated by superfluous retinal
tissue, subclinical ERMs, or minute remnants of ILM connected to the hole’s borders.
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Runkle et al. aimed at assessing the correlation between the dissociated optic-nerve-
fiber layer (DONFL) and the intraoperative membrane-peeling retinal modifications as
visualized by iOCT, as well as the DONFL’s functional repercussion [23]. This study ex-
amined patients from the PIONEER study. Intraoperative images were acquired with the
microscope-integrated Bioptigen Envisu iOCT system (Bioptigen, Research Triangle Park,
NC, USA). Overall, 95 eyes were included, and the preoperative diagnoses included ERM
in 54 eyes (57%) and FTMH in 41 eyes (43%). They concluded that the development of
DONFL was related to the surgical indication for FTMH. On the contrary, the development
of DONFL was not related to the choice of surgical instrument (forceps alone or a combi-
nation of forceps with other instruments). However, it was uncertain whether the FTMH
condition per se or the surgical procedure, such as ILM peeling, were the most important
element influencing DONFL appearance. Overall, their data implied that intraoperative
damage to the inner retina, possibly during ILM peeling, might have a crucial role in the
DONFL appearance.

Ehlers et al. aimed at establishing a predictive model of FTMH closure rate and
velocity using iOCT [22] in a post hoc study on eyes that received surgery for FTMH. The
Bioptigen SDOIS system (Bioptigen, Inc., Research Triangle Park, NC, USA) was used
for iOCT imaging. A total of 62 eyes was identified that received surgery for FTMH.
Ten eyes could not be included because of poor OCT image resolution through the gas
in the vitreous chamber, and 15 eyes had to be excluded due to insufficient iOCT data
collection. Finally, 37 eyes from 37 patients were included in the final analysis; 32 (86%)
out of 37 eyes showed FTMH closure at postoperative day one. At the 3-month control,
FTMH closure was reached in 35 sets of eyes (95%). Following a multivariate logistic-
regression analysis, seven covariates could be formulated, and they were proposed as
predictive variables for FTMH closure rate and velocity: age, EZ-RPE expansion following
ILM peeling, preoperative minimal diameter, post-ILM peeling, FTMH height and change
in FTMH volume, minimum FTMH width, and FTMH depth. They concluded that iOCT
has the potential to become a crucial tool for predicting FTMH closure rate and velocity.

Inoue et al. aimed at determining the importance of the correlation between iOCT
findings and the postoperative retinal anatomical and functional characteristics in eyes with
FTMH [21]. Thirty-three eyes with FTMH were included and intraoperatively analyzed
with iOCT system Rescan™ 700 (Carl Zeiss Meditec, Oberkochen, Germany) to find residual
fragments of ILM/ERM at the margins of the hole. Two groups were created based on
the iOCT features: one group with residual fragments (the residual group) and one group
without residual fragments (the non-residual group). Residual fragments were found in
22 eyes (67%), including three with residual ILM fragments, whereas such fragments were
absent in 11 eyes. Age, gender, pre-operative visual acuity, axial length, and refractive errors
did not differ substantially across the groups. In the preoperative OCT images, the presence
of remaining fragments was substantially linked to the existence of ERM. Postoperatively,
all FTMHs were closed. At 3 and 6 months, the residual group’s postoperative visual
acuity was considerably impaired. They concluded that the residual fragments found at the
margin of the FTMH by iOCT might be the hyperreflective material seen in closed FTMHs
and are predictors of scarce postoperative visual outcome.

Lytvynchuk et al. assessed the efficacy of iOCT imaging for the inverted ILM flap tech-
nique (IILMFT) in large FTMHs [20]. It was a non-randomized, prospective, observational
study conducted on eight eyes of seven patients diagnosed with large (5 patients, 7 eyes)
and recurrent (1 patient, 1 eye) FTMHs. The microscope-incorporated iSD-OCT system
Rescan™ 700 (Carl Zeiss Meditech, Oberkochen, Germany) and EnFocus™ UltraHD (Leica
Mikrosysteme Vertrieb GmbH, Wetzlar, Germany) were used. Despite the shadowing
caused by the steel instruments, the distance between the retinal layers and the instrument
tips could be monitored and controlled. The study concluded that the iatrogenic influence
on the retina can be detected by iOCT in surgical phases such as mechanical apposition
and ILM peeling of FTMH margins (depression and appearance of hyporeflective zones).
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Towards the end of the procedure, after fluid-air exchange, iSD-OCT imaging could validate
the appropriate location of the inverted ILM flap.

Lorusso et al. aimed at assessing the visual outcome and closure rate of patients with
FTMH retrospectively, following confirmation of the FTMH closure by iOCT and after a
short-term (12–24 h) postoperative face-down posturing (FDP). The secondary objective
was to determine the correlation between iOCT and postoperative OCT at day 1 after
surgery [19]. Twenty-nine eyes of 29 patients with FTMH were enrolled in the study. FTMH
closure was confirmed in all patients intraoperatively with the RESCAN 700 system (Zeiss,
Oberkochen, Germany). The mean number of hours of FDP was 18 ± 2.6 h, and at 3 months
the FTMH closure rate was 93%; two eyes received secondary FTMH repair surgery. The
final FTMH closure rate was 100%. It was concluded that iOCT-based confirmation of
the FTMH closure, having a high closure rate and no additional complications, may be a
reliable and effective method for advising short-term FDP following the operation.

Tao et al. aimed at retrospectively investigating the ability of iOCT to assess different
FTMH margin structures and anticipate the recovery of visual function and retinal architec-
ture [18]. Fifty-three eyes were included and intraoperatively scanned with Optovue iVue
OCT System (Optovue, Inc., Fremont, CA, USA). The FTMHs were categorized into three
groups based on the appearance and shape of the hole margins. The first group (Hole-Door
group) displayed vertical columns of tissue that extended into the vitreous chamber after
ILM peeling. The second group (Foveal Flap group) preoperatively displayed a foveal flap
that was adherent to the hole margins following ILM peeling. The third group (Negative
group) displayed neither a hole-door nor a foveal flap. At 6 months following the surgical
procedure, the retinal structural recovery and visual function were described and a compar-
ison was made among the three groups. All eyes showed FTMH anatomical closure, and
the postoperative best corrected visual acuity (BCVA) showed a significant improvement
compared to the preoperative BCVA. The Hole-Door and the Foveal Flap groups showed a
significantly better final BCVA and recovery of the ELM compared to the Negative group.
Analyzing the subpopulation in which the FTMH diameter was ≤400 µm, no significant
differences in ELM restoration, EZ, or BCVA was demonstrated in any of the three groups.
In the subpopulation with FTMH > 400 µm, the Hole-Door and Foveal Flap groups showed
a significantly better final visual acuity and restoration of ELM compared to the Negative
group. They concluded that iOCT during FTMH surgery can confirm the presence of the
hole margins structured as hole-door, foveal flaps, or neither, and that the images obtained
by iOCT can supply the clinician with important predictive information for postoperative
retinal structural and visual function improvement of large FTMHs.

Nishitsuka et al. aimed at observing intraoperative changes in FTMH morphology
using iOCT [17]. They included 10 eyes from 10 patients undergoing surgical treatment
for FTMH detected intraoperatively by the Rescan™ 700 system (Carl Zeiss Meditech,
Oberkochen, Germany). The mean shortest FTMH diameter was significantly reduced
following fluid–gas exchange, but no patients showed iOCT-confirmed closure of the
FTMH. Nevertheless, FTMH closure was achieved in each patient. They concluded that a
reduction of the FTMH diameter after fluid–air exchange is a crucial modification that can
be demonstrated by iOCT.

Tao et al. aimed at reporting a four-year assessment of feasibility and utility of iOCT
for various vitreoretinal diseases in China [16]. The Optovue iVue OCT System (Optovue,
Inc., Fremont, CA, USA) was used. A total of 339 eyes successfully received an iOCT scan,
of which 59 were FTMHs. Of these, 51 patients were treated by conventional ILM peeling,
five patients underwent an inverted-flap technique, and three patients had a free-flap
technique. In the 51 patients that received a conventional ILM peeling, the areas of the hole
were all reduced intraoperatively. Twenty cases presented the hole-door phenomenon. The
inverted ILM flap could be identified at the iOCT during the procedure in all cases for both
the ILM inverted-flap and the free-flap techniques. They concluded that the iOCT plays
an important role during retinal surgery and can serve as a guide intraoperatively during
FTMH repair.
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Yee et al. aimed at characterizing the clinical outcomes and the role of iOCT-assisted
FTMH repair [15]. This research included every single patient enrolled in the DISCOVER
study who received a surgical procedure for FTMH. The images were acquired through
either the Rescan™ 700 (Carl Zeiss Meditech, Oberkochen, Germany) or the EnFocus
(Leica/Bioptigen, Research Triangle Park, NC, USA) system. Eighty-four eyes were in-
cluded in this study. In 43 patients (51%), the operators affirmed that iOCT provided
useful information (e.g., assuring the release of tractions on the macular region and finding
unrecognized residual membranes). In 10 patients (12%), the information provided by
the iOCT modified the surgical plan and decision-making process. Postoperative day-one
trans-tamponade OCT confirmed the margin apposition and the hole closure in 74% of eyes
(21/26). Five holes were still open on postoperative day one, but they closed following
positioning. The single-surgery FTMH anatomical success rate was accomplished in 97.6%
of the operated eyes. Only one persistent FTMH required a subsequent surgical repair to
reach the anatomical success, and it determined an overall final anatomical success rate
of 98.8%. One single FTMH remained open, but, since it was both chronic and large, it
was decided that no surgery was required. They concluded that iOCT can be an important
new tool in FTMH surgery, affecting the surgical decision-making process. Moreover,
iOCT-assisted FTMH surgery showed significant improvement in BCVA and a high success
rate of closure.

4. Discussion

A step forward towards safer and more effective surgery may be represented by the
introduction of surgical microscopes with integrated iOCT. A variety of iOCT devices
may already be connected to an ocular microscope, giving helpful information to both
anterior-segment and vitreoretinal surgeons [5,6,33,34].

This technology, when applied to vitreoretinal surgical procedures, enables the direct
visualization of vitreoretinal structural relations during the entire surgical procedure, allow-
ing the assessment of surgical planes, guiding of surgical steps, and aiding in the detection
of intraoperative complications, ultimately influencing surgical decision-making [35,36].

When dealing with FTMH, iOCT has been proposed as a tool capable of guiding a
more precise and rigorous intraoperative approach since the first study by Ray et al. in
2011 [31]. The outcomes of the PIONEER study and the DISCOVER study, two prospective
case series, could generate a large part of the available literature on iOCT applied to FTMH
surgery [15,22,23,26,33].

Both Ray et al. [31] and Ehlers et al. [30] found significant alterations in FTMH geome-
try after surgical manipulation, including increased total FTMH volume and, specifically,
an increase in the base size (area and diameter in the outer retina), but a decrease in the
top (apex or inner) area of the hole immediately after ILM peeling. These results allow
us to expect that more significant intraoperative changes in FTMH morphology might
reflect an increased hole laxity and indicate an increase in the probability of FTMH closure.
Their results might be considered only partially coherent with the subsequent study by
Riazi-Esfahani et al. [27] and Nishitsuka et al. [17], who also found a decrease in the inner
area of the FTMHs post-ILM peeling, whereas they found no increase in the base diameter.
Furthermore, Nishitsuka et al. described that the mean minimum diameter of FTMH
decreased significantly after fluid–gas exchange, highlighting the importance of gas-surface
tension, even though the patients did not demonstrate intraoperative FTMH closure. Nev-
ertheless, all holes were closed on postoperative day one, which is in agreement with
what has been recently postulated by Wu et al. [37]. These findings suggest that FTMH
closure occurs after surgery, rather than during surgery, likely as a result of postoperative
Müller-cell migration.

However, it appears possible to achieve intraoperative closure of FTMHs after ILM
peeling, as demonstrated by Lorusso et al. [19], and this could be considered a positive
prognostic factor and the end point of the previously elucidated reduction in the inner
FTMH’s area after ILM peeling. According to Lorusso et al., confirming the intraoperative
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FTMH closure could be regarded as a sign to prescribe only a 12–24 h postoperative
posturing to the patient. These findings gain even more importance if correlated with the
current trend of evidence showing that strict FDP is not necessary for achieving FTMH
closure, even for large holes [38,39].

Kumar et al. [24] and Inoue et al. [21] reported that iOCT can detect remnants of ILM
at the edge of the FTMH after vitrectomy and ILM peeling. Kumar et al. named these
fragments a “hole-door sign” and although the presence of such a sign was significantly
correlated with the closure rate of FTMHs in the first study, the second study showed
that, despite the possibility of achieving better anatomical success, the interposed tissue
may lead to reduced BCVA postoperatively. The remaining tissue could be identified
by foveal hyperreflectivity on postoperative OCT. Pathophysiologically, the remaining
fragments in the closed FTMH may turn into hyperreflective inner retinal tissue and reshape
postoperatively to compensate for the closed FTMH’s inner foveal defect. Despite the good
anatomical healing process of inner retinal layers in closed FTMHs, the postoperative
repair of the EZ defect and functional visual recovery in eyes with residual pieces can
be impaired. This might be explained by the contractile capability of the leftover pieces,
which could hinder the healing process of the outer retina. These conclusions are only
partially in accordance with what was subsequently described by Tao et al. [18], leaving
the matter unsettled and requiring further research to better understand the correlation
between intraoperative tissue configuration and postoperative anatomical and functional
outcomes. Further research in this field is also necessary to elucidate the correlation between
FTMH healing after the inverted ILM flap technique and the functional outcome, especially
considering recent studies suggesting that this technique does not have additional benefits
for small–medium-size FTMHs, and may delay recovery of retinal integrity [40,41].

Other studies, such as the one by Falkner-Radler et al. [28], focused mainly on the
comparison between iOCT and retinal dyes. They showed the non-inferiority of iSD-OCT
in comparison to retinal dyes to visualize non-flat ERMs. Indeed, following staining, the
visibility of flat membranes was better, highlighting that the iOCT technology currently
available cannot completely substitute the role of vital dyes, especially in FTMH surgery,
where ILM usually appears as a flat membrane.

Focusing on flex-loop intraoperative retina alteration, Uchida et al. [26] showed that
the membrane loop instrument made it easy to start the ILM peeling, and it provided
the surgeon with a good safety profile without any serious intraoperative complications
during FTMH surgery. This technique of ILM-peeling initiation can be considered safe and
effective because the iOCT demonstrated that the retina undergoes only minor structural
modification during the scraping maneuver.

In the context of FTMH and high myopia, Bruyère et al. [25] showed that iOCT
allowed for visualization of remnants of the posterior vitreous cortex. This is important,
since myopic eyes often present with vitreoschisis, which can be difficult to visualize both
preoperatively with OCT and intraoperatively without staining with triamcinolone [42].
Furthermore, iOCT could help assess undetected retinal holes and ERM peeling, making
this technology particularly useful for guiding the surgeon in approaching myopic eyes
with challenging anatomy.

In order to elucidate the mechanisms underlying the development of DONFL, Runkle
et al. [23] showed that when the inner retina tended to thicken on iOCT, it was correlated
to the appearance of DONFL. This finding suggests that an intraoperative traction or
trauma in general to the inner retina can lead to damage to the retina that can appear
morphologically as DONFL. As iOCT technology is refined, it could definitely acquire a
potential role in preventing traumatic retina procedures from happening, and it may help
develop atraumatic membrane-peeling techniques.

Ehlers et al. [22] described for the first time a predictive, iOCT-based model for FTMH
closure. Consistent with Ip et al. [43], Ullrich et al. [44] and Wakely et al. [45], they found
that preoperative minimal diameter of FTMH was a robust positive predictor for hole
closure. However, they did not find any other predictor associated with preoperative OCT
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variables. Since the morphology of FTMHs and the ultrastructure of retinal layers are
modified after ILM peeling, preoperative OCT variables (except for the minimal inner
diameter) might have less impact on FTMH postoperative outcome than iOCT variables
that can be acquired after ILM peeling. Endowing the vitreoretinal surgeon with iOCT
technology can provide information on the retinal-tissue response to the ILM peeling,
allowing for a more reliable prognosis. Furthermore, Ehlers et al. described six other
statistically significant variables that were different in patients with successful and failed
FTMH closure on postoperative day one: age, post-ILM peeling EZ-RPE expansion, post-
ILM peeling depth, change in volume, change in minimum width, and change in depth.
Because five out of the seven identified variables were only measurable with iOCT, we
can affirm that this new technology can provide a unique benefit for the prediction of
FTMH closure.

Lytvynchuk et al. [20] assessed the efficacy of dynamic iSD-OCT imaging for the
inverted ILM flap technique in large FTMH surgery. This technology enables real-time
imaging of the whole procedure, including viewing of the FTMH, vitreoretinal tools,
and all processes of inverted ILM flap development, despite the shadowing caused by
the steel instruments, one of the major limitations in retina visualization with iOCT. In
the future, development of new instruments may allow for a better perception of the
distance between the instrument tips and the retinal layers. Lytvynchuk et al. also showed
that the iatrogenic influence on the retina was detected by dynamic imaging of surgical
steps such as ILM peeling and mechanical apposition of FTMH edges (depression and
appearance of hyporeflective zones). Such feedback could influence the decision-making
process of the surgeon by allowing for immediate anatomical feedback on the technique
utilized. Moreover, since at the very end of the procedure, following fluid–air exchange,
intraoperative imaging can validate the appropriate location of the inverted ILM flap, iOCT
might prove to be especially useful in challenging situations when the inverted ILM flap
technique is not positioned properly or may fail. In fact, one main concern with the ILM
flap technique is flap displacement, especially during fluid–air exchange [46]. A more
widespread availability of iOCT in the future could contribute to making FTMH repair
with the inverted ILM flap technique safer and more predictable. The efficacy of the iOCT
approach during the inverted ILM flap technique was also reported by Maier et al., who
noted it to be useful in intraoperative identification of retinal microstructure, making the
procedure safer and more controlled [47].

Yee et al. [15] suggested that iOCT may have an important role in FTMH surgery,
making surgical decisions more accurate. As iOCT-assisted FTMH surgery in their study
resulted in significant improvement in BCVA and a high single-surgery success rate, future
prospective studies could validate this finding to determine whether the single-surgery
success rate of iOCT-assisted surgery is superior to conventional surgery.

Our systematic review has limitations: some of the reviewed literature was produced
in languages other than English and therefore not included. Furthermore, the heterogeneity
of the analyzed articles did not allow for direct comparison of the results and production of
meta-analysis. This diversity stems from the iOCT devices used, the populations studied,
the experience of the surgeons, and the techniques used during surgery.

5. Future Perspectives and Technologies

Even though iOCT has made significant advancements in recent years, more work has
to be done to surpass the present challenges to seamlessly integrate image-guided vitreo-
retinal surgery. Automated segmentation software, OCT-optimized surgical equipment,
software interfaces, a thorough platform for virtual-reality visualization, and robot-assisted
iOCT-guided surgeries are only a few of the areas in which there is a demand and potential
for innovation [6,48].

When it comes to FTMH, the future development of this technology should aim
for a 3D- or 4D- robot-assisted interface capable of seamlessly orienting the surgeon in
the dissection of the ILM and epiretinal membranes. Due to the light-scattering and
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shadowing properties of metal, current metallic surgical instruments provide challenges
for intraoperative OCT devices [32]. The development of new OCT-compatible instruments
may allow the membranes that coaxially underlie the intraocular devices to be visualized
and manipulated. Some evidence suggests the opportunity to implement intraocular OCT-
endoprobe devices as an alternative [49]. In the future, the anatomy of FTMH should be
approached through a segmentation of the retinal layers, automatically and volumetrically
reconstructed thanks to an ad hoc software and presented to the surgeon as 3D or 4D virtual
reality. New technologies will arise that incorporate swept-source high-resolution OCT
technologies into classical and “heads-up” surgical microscopes. The dynamic assessment
of the repercussions of the surgical maneuvers on retinal tissue might lead to new insights
into the biomechanical response of the retina to ILM peeling and, therefore, to better guiding
the surgeon. New advancements in iOCT technology are needed and could contribute to
settling controversies such as the need for a customizable size of ILM peeling, the technique
of choice for each case (e.g., inverted ILM flap technique and, for that matter, the subtype:
temporal, cabbage leaf, or any other) and the control of factors associated with anatomic
failure after FTMH surgery [50,51].

Despite the high potential, it is still necessary to validate the total value of iOCT
for patient outcomes. Despite studies showing a definite influence on surgical decision-
making, it is unclear how surgery will ultimately affect patient outcomes. To determine the
total benefit more accurately, randomized masked prospective studies for disease-specific
outcomes are necessary. Planning for these investigations is still ongoing.

6. Conclusions

Despite the fact that there are just a few studies with conclusive findings, the applica-
tion of iOCT in FTMH surgery is a useful tool for both beginner and experienced surgeons
planning and treating challenging cases, as well as for teaching purposes. More scientific
evidence is required in order to validate the controversies regarding the interpretation of
data deriving from the iOCT technology applied to FTMHs and to prove the real advantage
in terms of diagnostics, prognosis, and clinical outcomes.
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Appendix A

Documentation of the literature search.
The following databases were searched:

Database Number of Hits

Medline (Ovid): 495

Embase (Ovid): 557

The Cochrane Library: 0

Cochrane Central Register of Controlled Trials: 79

Number of references before removal of duplicates: 1131

Number of referencesafter removal of duplicates: 694

All searches were carried out on 18 August 2022.
Database(s): Ovid MEDLINE(R) ALL 1946 to 17 August 2022.
Search strategy:

# Searches Results

1 vitreoretinal surgery/or vitrectomy/ 15,786

2 Retina/or exp Retina/su [Surgery] 80,721

3 Retinal Perforations/ 5654

4 exp Epiretinal Membrane/ 2661

5
(((vitreoretinal or vitreo retinal or retina or macula *) adj3 (surg * or
operat * or prosedure * or repair or translocation * or incision *)) or
retinotom * or vitrectom * or (vitreous adj2 resection *)).ti,ab,kf.

21,935

6
((retina * or macula *) adj3 (perforation * or hole * or tear * or break
* or rupture)).ti,ab,kf.

9177

7 ((epiretinal or epimacular or preretninal) adj2 membrane *).ti,ab,kf. 3999

8 or/1–7 108,349

9 Tomography, Optical Coherence/ 44,221

10 ((optical coherence adj3 tomograph *) or oct or ioct or sdoct).ti,ab,kf. 64,264

11 or/9–10 74,950

12 perioperative period/or intraoperative period/ 18,529

13 (perop * or per-op * or intraop * or intra-op *).ti,ab,kf. 181,689

14 or/12–13 190,587

15 and/8, 11, 14 495

Embase Classic + Embase 1947 to 16 August 2022.
Search strategy:
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# Searches Results

1
vitreoretinal surgery/or exp vitrectomy/or retina surgery/or radial
optic neurotomy/or exp retinal detachment surgery/or retina
macula translocation/or retinotomy/

34,383

2 retina/or exp retina/su [Surgery] 74,554

3 retina tear/ 5106

4 epiretinal membrane/ 6598

5
(((vitreoretinal or vitreo retinal or retina or macula *) adj3 (surg * or
operat * or prosedure * or repair or translocation * or incision *)) or
retinotom * or vitrectom * or (vitreous adj2 resection *)).ti,ab,kf.

26,967

6
((retina * or macula *) adj3 (perforation * or hole * or tear * or break
* or rupture)).ti,ab,kf.

12,012

7 ((epiretinal or epimacular or preretninal) adj2 membrane *).ti,ab,kf. 5272

8 or/1–7 119,990

9
exp optical coherence tomography/or exp optical coherence
tomography device/

84,548

10 ((optical coherence adj3 tomograph*) or oct or ioct or sdoct).ti,ab,kf. 97,459

11 or/9–10 118,870

12 perioperative period/or intraoperative period/ 104,295

13 (perop * or per-op * or intraop * or intra-op *).ti,ab,kf. 264,038

14 or/12–13 329,780

15 and/8, 11, 14 740

16
limit 15 to (conference abstract or conference paper or “conference
review” or editorial or letter or note)

183

17 15 not 16 557

The Cochrane Library:

ID Search Hits

#1
[mh ˆ“vitreoretinal surgery”] OR [mh ˆvitrectomy] OR [mh ˆRetina]
OR [mh Retina/su] OR [mh ˆ“Retinal Perforations”] OR [mh
“Epiretinal Membrane”]

1401

#2

((((vitreoretinal or “vitreo retinal” or retina or macula *) NEAR/3
(surg * or operat * or prosedure * or repair or translocation* or
incision *)) or retinotom * or vitrectom * or (vitreous NEAR/2
resection *))):ti,ab,kw

2586

#3
((retina * or macula *) NEAR/3 (perforation * or hole * or tear * or
break * or rupture))

837

#4
(((epiretinal or epimacular or preretninal) NEAR/2 membrane
*)):ti,ab,kw

406

#5 {OR #1-#4} 3469

#6 [mh ˆ“Tomography, Optical Coherence”] 1622

#7
((“optical coherence tomography” or “optical coherence
tomographies” or oct or ioct or sdoct)):ti,ab,kw

8854

#8 {OR #6-#7} 9378

#9 [mh ˆ“perioperative period”] OR [mh ˆ“intraoperative period”] 1548

#10 ((perop * or per-op* or intraop * or intra-op *)):ti,ab,kw 34,202

#11 {OR #9-#10} 34,426

#12 #5 and #8 and #11 79
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Appendix B

Summary of the 65 records screened for inclusion/exclusion and the determining
reasons behind each choice.

Include Exclude
Explanation for
Exclusion

1. Zhao et al. PUMCH experience and
strategy for the management of idiopathic
macular hole: a retrospective cohort study.
International Ophthalmology 2022; 42:
1133–1145.

Do not use iOCT
Three refractory cases of IMH
(idiopathic macular holes)
underwent iOCT assisted PPV +
dub-retinal BSS injection, with
successful closure

Another main
topic

2. Zakir et al. The outcomes and usefulness of
Intraoperative Optical Coherence
Tomography in vitreoretinal surgery and its
impact on surgical decision making.
Romanian Journal of Ophthalmology 2022; 66:
55–60.

Vitreoretinal surgery
-16 patients
-pilot, prospective case series

Another main
topic

3. Nct. Efficiency of Intraoperative Optical
Coherence Tomography (iOCT). 2022.
Available online: https:
//clinicaltrialsgov/show/NCT05232539
(accessed on 18 August 2022).

Ongoing study Ongoing study

4. Muijzer et al. Clinical applications for
intraoperative optical coherence tomography:
a systematic review. Eye 2022; 36: 379–391.

Systematic review Systematic review

5. Jiwei et al. Application value assessment of
intraoperative optical coherence tomography
in vitreoretinal surgery. [Chinese]. Zhonghua
Shiyan Yanke Zazhi/Chinese Journal of
Experimental Ophthalmology 2022; 40: 35–40.

Chinese Another language

6. Benda and Studeny. Intraoperative Optical
Coherence Tomography -Available
Technologies and Possibilities of Use. A
Review. Ceska a Slovenska Oftalmologie 2022;
2: 1001–1010.

Review

7. Yee et al. iOCT-assisted macular hole
surgery: outcomes and utility from the
DISCOVER study. British Journal of
Ophthalmology 2021; 105: 403–409.

84 eyes

8. Wylegala et al. Intraoperative OCT
microscopy in 3D. Expert Review of Medical
Devices 2021; 18: 221–224.

Description of IOCT use Review

9. Tao et al. Feasibility and utility of
intraoperative optical coherence tomography
during vitreoretinal surgery: A 4-year report
in Chinese population. Journal of Innovative
Optical Health Sciences 2021; 14.

339 eyes
Retrospective

10. Takeuchi et al. Intraoperative and
Postoperative Monitoring of Autologous
Neurosensory Retinal Flap Transplantation
for a Refractory Macular Hole Associated
with High Myopia. Retina 2021; 41: 921–930.

5 patients
High myopic refractory MH
Prospective
Autologous neurosensory retinal
flap transplantation (ART)

Cohort < 8

https://clinicaltrialsgov/show/NCT05232539
https://clinicaltrialsgov/show/NCT05232539
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Include Exclude
Explanation for
Exclusion

11. Nishitsuka et al. Intraoperative
Observation of a Macular Holes Using Optical
Coherence Tomography. Clinical Optometry
2021; 13: 113–118.

10 eyes
Anatomical
outcomes

12. Leisser et al. Effect of Iatrogenic Traction
during Macular Peeling Surgery on
Postoperative Microperimetry. Ophthalmic
Research 2021; 64:273–279.

25 cases
Transient retinal thickening due to
tractional forces during peeling
documented with iOCT

Another main
topic

13. Juergens et al. Intraoperative
OCT-Real-World User Evaluation in Routine
Surgery. Klinische Monatsblatter fur
Augenheilkunde 2021; 238: 693–699.

Not limited to MH
Another main
topic

14. Huang et al. Vitreomacular Traction
Surgery from the DISCOVER Study:
Intraoperative OCT Utility, Ellipsoid Zone
Dynamics, and Outcomes. Ophthalmic
Surgery, Lasers & Imaging Retina 2021; 52:
544–550.

Clinical and EZ-integrity outcomes
in VMT

Another main
topic

15. Cai et al. Pediatric Vitreoretinal Surgery
and Integrated Intraoperative Optical
Coherence Tomography. Developments in
Ophthalmology 2021; 61: 15–25.

Description of iOCT use in
paediatric vitreoretinal surgery

Review

16. Boral et al. A novel video overlay guided
enlargement of area of ILM peeled versus
inverted flap technique: A long-term study in
large macular holes. European Journal of
Ophthalmology 2021; 31: 3277–3283.

127 cases of large FTMH
Comparison of video overlay
guided enlargement of area of ILM
peeled vs. inverted flap technique

Another main
topic

17. Tao et al. Macular hole edge morphology
predicts restoration of postoperative retinal
microstructure and functional outcome. BMC
Ophthalmology 2020; 20: 280.

53 MH patients
Retrospective

18. Singh et al. Microscope-Integrated Optical
Coherence Tomography-Guided Autologous
Full-Thickness Neurosensory Retinal
Autograft for Large Macular Hole-Related
Total Retinal Detachment. Retina 2020; 10: 10.

2 eyes
Neurosensory retinal autograft for
large MH associated with retinal
detachment

Cohort < 8

19. Pujari et al. Intraoperative optical
coherence tomography guided ocular
surgeries: Critical analysis of clinical role and
future perspectives. Clinical Ophthalmology
2020; 14: 2427–2440.

Review Review

20. Posarelli et al. What Is the Impact of
Intraoperative Microscope-Integrated OCT in
Ophthalmic Surgery? Relevant Applications
and Outcomes. A Systematic Review. Journal
of Clinical Medicine 2020; 9: 02.

Systematic review
iOCT in ophthalmic surgery

Systematic review

21. Lorusso et al. Feasibility and Safety of
Intraoperative Optical Coherence
Tomography-Guided Short-Term Posturing
Prescription after Macular Hole Surgery.
Ophthalmic Research 2020; 63: 18–24.

29 patients
iOCT in MH surgery
retrospective
Outcomes:
-closure rate
-BCVA
-time of positioning
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Include Exclude
Explanation for
Exclusion

22. Boral et al. A novel standardized
reproducible method to calculate the area of
internal limiting membrane peeled
intra-operatively in macular hole surgery by
using a video overlay-A long-term study in
cases of idiopathic macular holes. Indian
Journal of Ophthalmology 2020; 68: 157–161.

The study does not use iOCT.
Another main
topic

23. Lytvynchuk et al. Dynamic intraoperative
optical coherence tomography for inverted
internal limiting membrane flap technique in
large macular hole surgery. Graefes Archive
for Clinical & Experimental Ophthalmology
2019; 257: 1649–1659.

8 eyes
Prospective
Non-randomized
Observational
ILM-flap technique
Larger macular holes

24. Itoh et al. Alterations of Foveal
Architecture during Vitrectomy for Myopic
Retinoschisis Identified by Intraoperative
Optical Coherence Tomography.
Ophthalmologica 2019; 242: 87–97.

Myopic retinoschisis
Another main
topic

25. Inoue et al. Intraoperative OCT Findings
May Predict Postoperative Visual Outcome in
Eyes with Idiopathic Macular Hole.
Ophthalmology Retina 2019; 3: 962–970.

33 eyes with MH
Retrospective
Case-control study
Outcomes:
-Residual fragments
-postop VA

26. Greven and Sanislo. Intraoperative
Optical Coherence Tomography
Demonstrating Macular Hole Associated With
Ruptured Retinal Arterial Macroaneurysm.
Ophthalmic Surgery, Lasers & Imaging Retina
2019; 50: e125-e127.

Case report Case report

27. Ehlers et al. Predictive Model for Macular
Hole Closure Speed: Insights From
Intraoperative Optical Coherence
Tomography. Translational Vision Science &
Technology 2019; 8: 18.

37 eyes with FTMH
Post-hoc analysis
PIONEER study

28. Borrelli et al. Intraoperative optical
coherence tomography in the full-thickness
macular hole surgery with internal limiting
membrane inverted flap placement.
International Ophthalmology 2019; 39:
929–934.

3 patients
FTMH
iOCT used to confirm ILM flap
positioning

Cohort < 8

29. Runkle et al. Factors Associated with
Development of Dissociated Optic Nerve
Fiber Layer Appearance in the Pioneer
Intraoperative Optical Coherence
Tomography Study. Retina 2018; 38:
S103-S109.

95 eyes
Post hoc PIONEER
Dissociated
optic-nerve-fiber
layer (DONFL) and
intraoperative
membrane-peeling
dynamics

30. Leisser et al. Diagnostic precision of a
microscope-integrated intraoperative OCT
device in patients with epiretinal membranes.
European Journal of Ophthalmology 2018; 28:
329–332.

41 eyes
ERM, LMH, VMT

Another main
topic
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Include Exclude
Explanation for
Exclusion

31. Kumar and Yadav. HOLE-DOOR SIGN: A
Novel Intraoperative Optical Coherence
Tomography Feature Predicting Macular Hole
Closure. Retina 2018; 38: 2045–2050.

25 patients with MH
Outcomes
-BCVA
-preop hole diameter
-type of hole closure
Hole-door sign

32. Kumar and Yadav. A novel intraoperative
optical coherence tomography feature
predicting macular hole closure. Retina 2018;
38: 2045–2050.

Duplicate

33. Gonzalez-Cortes et al. Anatomical
Changes of Full-Thickness Macular Hole
Documented by Microscope-Integrated
Spectral-Domain Optical Coherence
Tomography. Ophthalmic Surgery, Lasers &
Imaging Retina 2018; 49: e105–e111.

5 eyes with FTHM Cohort < 8

34. Ehlers et al. THE INTEGRATIVE
SURGICAL THEATER: Combining
Intraoperative Optical Coherence
Tomography and 3D Digital Visualization for
Vitreoretinal Surgery in the DISCOVER Study.
Retina 2018; 38: S88–S96.

7 eyes, which of 2 MH Cohort < 8

35. Comparison of retinal architectural
changes using intraoperative optical
coherence tomography in macular hole
surgery- a prospective randomized trial. 2018.
Available online: https://trialsearchwhoint/
Trial2aspx?TrialID=CTRI/2018/05/014219
(accessed on 18 August 2022).

Undergoing prospective
randomized trial

Protocol

36. Bruyere et al. Benefit of Intraoperative
Optical Coherence Tomography for
Vitreomacular Surgery in Highly Myopic Eyes.
Retina 2018; 38: 2035–2044.

Highly myopic eyes
22 eyes (10 MH)

37. Uchida et al. Analysis of Retinal
Architectural Changes Using Intraoperative
OCT Following Surgical Manipulations With
Membrane Flex Loop in the DISCOVER Study.
Investigative Ophthalmology & Visual
Science 2017; 58: 3440–3444.

34 eyes (21 FTMH)
DISCOVER

Acute retinal
alternations after
ILM peeling with
membrane flex loop

38. Sawaguchi et al. Macular Hole Formation
Identified with Intraoperative Oct during
Vitrectomy for Vitreomacular Traction
Syndrome. RETINAL Cases & Brief Reports
2017; 11: 380–382.

Case report Case report

39. Runkle et al. Microscope-Integrated OCT
Feasibility and Utility With the EnFocus
System in the DISCOVER Study. Ophthalmic
Surgery, Lasers & Imaging Retina 2017; 48:
216–222.

50 eyes (6 FTMH)
EnFocus prototype iOCT

Another main
topic

40. Read and Fortun. Visualization of the
retina and vitreous during vitreoretinal
surgery: new technologies. Current Opinion
in Ophthalmology 2017; 28: 238–241.

Review Review

https://trialsearchwhoint/Trial2aspx?TrialID=CTRI/2018/05/014219
https://trialsearchwhoint/Trial2aspx?TrialID=CTRI/2018/05/014219
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Include Exclude
Explanation for
Exclusion

41. Ravani et al. Intravitreal cysticercosis with
full thickness macular hole: management
outcome and intraoperative optical coherence
tomography features. BMJ Case Reports 2017;
21: 21.

Case report Case report

42. Kumar et al. Utility of
microscope-integrated optical coherence
tomography (MIOCT) in the treatment of
myopic macular hole retinal detachment. BMJ
Case Reports 2017; 14: 14.

Case report Case report

43. Jenkins et al. Intraoperative Optical
Coherence Tomography of Internal Limiting
Membrane Flap. Ophthalmology 2017; 124:
1456.

Photo essay
Case report

Case report

44. Viehland et al. Enhanced volumetric
visualization for real time 4D intraoperative
ophthalmic swept-source OCT. Biomedical
Optics Express 2016; 7: 1815–1829.

Description Review

45. Moisseiev and Yiu. Role of Tractional
Forces and Internal Limiting Membrane in
Macular Hole Formation: Insights from
Intraoperative Optical Coherence
Tomography. Case Reports in Ophthalmology
2016; 7: 372–376.

Case report Case report

46. Khan and Ehlers. Clinical utility of
intraoperative optical coherence tomography.
Current Opinion in Ophthalmology 2016; 27:
201–209.

Review Review

47. He and Sodhi. Intraoperative optical
coherence tomography demonstrates
immediate closure of a traumatic macular
hole. Canadian Journal of Ophthalmology
2016; 51: e79–e81.

Case report Case report

48. Branchini et al. Use of Handheld
Intraoperative Spectral-Domain Optical
Coherence Tomography in a Variety of
Vitreoretinal Diseases. Ophthalmic Surgery,
Lasers & Imaging Retina 2016; 47: 49–54.

5 cases Cohort < 8

49. Riazi-Esfahani et al. Macular Surgery
Using Intraoperative Spectral Domain Optical
Coherence Tomography. Journal of
Ophthalmic & Vision Research 2015; 10:
309–315.

16 patients with MH
Qualitative finding
Quantitative
measures

50. Kunikata and Nakazawa. Intraoperative
Optical Coherence Tomography-Assisted
27-Gauge Vitrectomy in Eyes with
Vitreoretinal Diseases. Case Reports in
Ophthalmology 2015; 6: 216–222.

6 patients with retinal disease Cohort < 8

51. Hahn et al. Intrasurgical Human Retinal
Imaging With Manual Instrument Tracking
Using a Microscope-Integrated
Spectral-Domain Optical Coherence
Tomography Device. Translational Vision
Science & Technology 2015; 4: 1.

10 cases (2 FTMH)
Another main
topic
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Include Exclude
Explanation for
Exclusion

52. Falkner-Radler et al. Intrasurgical
Microscope-Integrated Spectral Domain
Optical Coherence Tomography-Assisted
Membrane Peeling. Retina 2015; 35:
2100–2106.

70 patients
(8 LMH, 8 FTMH)
Prospective study

53. Jprn. Intraoperative evaluation of the
retina and intraocular tissue in the treatment
of vitreoretinal surgery. 2014. Available
online: https://trialsearchwhoint/Trial2
aspx?TrialID=JPRN-UMIN000012822
(accessed on 18 August 2022).

Ongoing study Protocol

54. Ehlers et al. Intrasurgical dynamics of
macular hole surgery: an assessment of
surgery-induced ultrastructural alterations
with intraoperative optical coherence
tomography. Retina 2014; 34: 213–221.

19 eyes with MH
Retrospective
Outcomes
-MH volume
-minimum diameter
-base area
-hole hight
No functional
analysis

55. Ehlers et al. The value of intraoperative
optical coherence tomography imaging in
vitreoretinal surgery. Current Opinion in
Ophthalmology 2014; 25: 221–227.

Review Review

56. Ehlers et al. Utility of intraoperative
optical coherence tomography during
vitrectomy surgery for vitreomacular traction
syndrome. Retina 2014; 34: 1341–1346.

VMT surgery
Another main
topic

57. Ehlers et al. Factors associated with
persistent subfoveal fluid and complete
macular hole closure in the PIONEER study.
Investigative Ophthalmology & Visual
Science 2014; 56: 1141–1146.

PIONEER study36
patients with
surgically closed MH
Outcomes
-MH area + volume
-EZ-RPE height
-subretinal
hyperreflectivity
-postop subfoveal
fluid

58. Hahn et al. Preclinical evaluation and
intraoperative human retinal imaging with a
high-resolution microscope-integrated
spectral domain optical coherence
tomography device. Retina 2013; 33:
1328–1337.

Report of the translation of iOCT
from preclinical testing into
human imaging

Review

59. Pichi et al. Intraoperative SD-OCT in
macular surgery. Ophthalmic Surgery, Lasers
& Imaging 2012; 43: S54–S60.

5 eyes Cohort < 8

60. Ray et al. Intraoperative
microscope-mounted spectral domain optical
coherence tomography for evaluation of
retinal anatomy during macular surgery.
Ophthalmology 2011; 118: 2212–2217.

25 eyes (MH
11/ERM)
Retrospective

61. Hayashi et al. Intraoperative changes in
idiopathic macular holes by spectral-domain
optical coherence tomography. Case Reports
in Ophthalmology 2011; 2: 149–154.

5 eyes Cohort < 8

https://trialsearchwhoint/Trial2aspx?TrialID=JPRN-UMIN000012822
https://trialsearchwhoint/Trial2aspx?TrialID=JPRN-UMIN000012822
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Include Exclude
Explanation for
Exclusion

62. Ehlers et al. Integration of a spectral
domain optical coherence tomography system
into a surgical microscope for intraoperative
imaging. Investigative Ophthalmology &
Visual Science 2011; 52: 3153–3159.

Not specific to MH, general retinal
surgery

Another main
topic

63. Binder et al. Feasibility of intrasurgical
spectral-domain optical coherence
tomography. Retina 2011; 31: 1332–1336.

4 MH Cohort < 8

64. Wykoff et al. Intraoperative OCT of a
full-thickness macular hole before and after
internal limiting membrane peeling.
Ophthalmic Surgery, Lasers & Imaging 2010;
41: 7–11.

Case report Case report

65. Dayani et al. Intraoperative use of
handheld spectral domain optical coherence
tomography imaging in macular surgery.
Retina 2009; 29: 1457–1468.

Only 4 eyes with MH
8 patients (4 MH, 3 ERM, 1 VMT)
Prospective, observational case
series

Another main
topic
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