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Purpose: To introduce the application of intraoperative optical coherence tomography (iOCT) in
pars plana vitrectomy (PPV) for various vitreoretinal diseases, and to report the 4-year assess-
ment of feasibility and utility in Chinese population. Methods: Retrospective case series of
patients who underwent PPV and iOCT scan at Eye Hospital of Wenzhou Medical College from
January 2016 to January 2020. Clinical characteristics were documented before operation, and
we intraoperatively recorded the time and results of iOCT scanning, speci¯c surgical maneuvers
performed, the consistency with the planned strategies before surgery, the type of OCT images
obtained, and adverse events (AEs). The surgeon feedback was collected to evaluate the utility of
iOCT during surgery. Results: In total 339 eyes successfully completed iOCT scan, with an
average scanning time of 3:54� 2:3min, including 59 cases of idiopathic macular hole (iMH), 134
cases of idiopathic epiretinal membrane (iERM), 33 cases of lamellar macular hole (LMH), 40
cases of high myopic maculopathy, 13 cases of vitreous macular traction (VMT), 60 cases of dense
vitreous hemorrhage (VH). The iOCT ¯ndings were not consistent with examination under the
operating microscope in 49 cases (14.5%), including 29 cases (8.6%) which changed the operation
strategies during surgery. The Hole-door phenomenon arose in 20 cases (33.9%) of iMH and 3
cases (25%) of high myopic MH after ILMs peeling. Moreover, the residue ERM was observed in
nine cases (6.7%) of iERM and two cases (14.3%) in high myopic ERM after ILMs peeling. Some
new surgical methods could also be con¯rmed using iOCT. Conclusion: The application of iOCT
has a signi¯cant clinical functionality in vitreoretinal surgery, providing the surgeon with a new
surgical understanding, guiding the selection of a more reasonable operative procedure during
surgery, predicting postoperative recovery and improving postoperative outcomes.
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rectomy; surgical guidance.

1. Introduction

Recently, as a vital auxiliary tool for clinical diag-
nosis and treatment of ophthalmic diseases, optical
coherence tomography (OCT) contributes to diag-
nosis, conducts therapeutic monitoring, and
enhances clinical decision-making in numerous
ophthalmic conditions.1 Considering that OCT has
the advantage of intuitive display, many scholars
consider that it can be applied to the operation
process to obtain a real-time observation of the
intraoperative status, and to assist the surgeon in
the operation. Though still an emerging technology,
numerous studies and reports have described the
utility and value of this technology as it applies to
ophthalmic surgery.

Intraoperative optical coherence tomography
(iOCT) is a new type of OCT that improves on the
platform of traditional OCT to meet the require-
ments of patients with vitreoretinal surgery in su-
pine position for real-time OCT inspection during
surgery.2,3 The surgeon can use the iOCT technol-
ogy to intuitively observe the changes of the mac-
ular morphology during the operation, and choose a
more suitable surgical method in time. The previous
research of the research team also proved this
value.2–10 As the development of modern imaging
technology, iOCT has experienced three genera-
tions of development, and the scanning technology
and carrying platform have been continuously im-
proved. The latest integrated microscope iOCT can
perform real-time scanning.11–13 While at present,
there is a lack of widespread use of microscope-in-
tegrated iOCT in China, and there are few reports
on iOCT. Therefore, our research team has per-
formed iOCT examinations on the eyes by under-
going vitreoretinal surgery in our hospital within
four years. The results of its application are repor-
ted as follows.

2. Materials and Methods

2.1. Study design

This is a retrospective study of consecutive patients
undergoing pars plana vitrectomy (PPV) and iOCT
scanning at Eye Hospital of Wenzhou Medical

College from January 2016 to January 2020. The
study adhered to the Declarations of Helsinki and
the institutional guidelines. Informed written con-
sent was obtained from all the patients.

2.2. Patient selection

All patients undergoing PPV and iOCT scanning
were included in the study. The inclusion criteria for
eyes included in this study were: with dense vitreous
hemorrhage (VH) who cannot obtain OCT images
two months before PPV, with idiopathic macular
epiretinal membrane (iERM) or idiopathic macular
hole (iMH), with LMH, with high myopic maculo-
pathy, with vitreomacular traction (VMT). Exclu-
sion criteria included eyes with the history of
vitreoretinal surgery, and a severe turbidity of the
refractive media, such as corneal leukoplakia or
severe opaci¯cation of the posterior lens capsule.

2.3. Preoperative preparation

All patients routinely completed best corrected vi-
sual acuity (BCVA), intraocular pressure, IOL-
Master (IOL-Master-700, Carl Zeiss Meditec AG,
Jena, Germany), slit lamp microscope examination,
fundus examination, OCT scanning (Spectralis
OCT, Heidelberg, Germany) before operation, and
preoperative BCVA was recorded as logMAR vision
(light perception ¼ logMAR 2.6, hand move ¼
logMAR 2.3, ¯nger count ¼ logMAR 1.85.14 Axial
length � 26mm and/or spherical refractive error >
�6:00 diopters was recognized as highly myopic
eyes. All patients signed an informed consent form
before surgery. The intervention methods in this
study followed the Declaration of Helsinki.

2.4. Surgical technique and iOCT
scanning method

All the eyes underwent conventional 23-gauge or
25-gauge PPV. Eyes with VH and macular diseases
separately underwent iOCT examination after re-
moving the hemorrhage and completing all peeling
membranes operations. The operation was per-
formed by the same doctor. Adoptivue OCT
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(Optovue Company, USA, 2018.0.0.38; Fig. 1) was
used with a scan speed of 26,000 times/s using a
wavelength of 830 nm. The axial and lateral reso-
lution was 5�m and 11.4�m, respectively. The
iOCT scans were performed in 3D mode and
crossline two scan modes. iOCT examinations were
performed by the same ophthalmologist who has
extensive experience in desktop OCT operations.
During the examination, a sterile surgical patch was
attached to the OCT lens. The patient maintained
the surgical position (supine position), then the
bottom wheels were moved to align the pupil area,
then the focus was automatically adjusted to the
retina plane and images were captured subse-
quently. During the whole procedure, the balanced
salt solution was used to keep the cornea moist.

Data collected included the time and results of
iOCT scanning, speci¯c surgical maneuvers per-
formed, the consistency with the planned strategies
before surgery, type of OCT images obtained, and
adverse events (AEs). The ophthalmologist also
collected the surgeon feedback immediately follow-
ing surgery for all cases, focusing on several speci¯c
areas of interest related to the microscope-inte-
grated system and surgical procedure. This included
value of iOCT to the procedure and speci¯c impact
on surgical decision-making based on surgeon's
perspective.

2.5. Statistical analysis

Statistical analysis was performed using SPSS 22.0
for Windows (SPSS, Inc, Chicago, IL). The visual
acuity was presented with LogMAR throughout the
whole study, and the descriptive analysis was used
for all the ocular parameters discussed in this study.
The baseline data such as patient age, axial length,
and preoperative BCVA conformed to the normal
distribution and were expressed asmean� standard
deviation.

3. Results

A total of 390 eyes were enrolled and 339 cases
successfully completed the iOCT scan (86.9%), with
an average scan time of 3:54� 2:3min. The main
reasons for the scan failure were high myopia or
intraoperative corneal edema.

In this study, 339 patients who successfully
completed iOCT scan, including 59 cases of iMH,
134 cases of iERM, 33 cases of LMH, 40 cases of
high myopic maculopathy, 13 cases of VMT, 60
cases of dense VH. All results were summarized in
Table 1.

Among 339 eyes, 49 cases (14.5%) were incon-
sistent with the results of iOCT examination and
the observation under the operating microscope of
the surgeon. Among them, the surgical strategies of
29 cases (8.6%) were changed during the operation
and a more reasonable surgical method was select-
ed, respectively, including an additional membrane-
peeling surgery or the change of vitreous cavity
tamponade. No complications such as endophthal-
mitis related to the examination occurred after the
operation.

3.1. iOCT results of idiopathic macular

hole(iMH)

A total of 59 cases of iMH undergoing iOCT scan
were enrolled in this study. Of these eyes, 51 cases
underwent conventional ILM peeling, 5 cases un-
derwent ILM peeling with inverted °ap technique,
and the technique of peeled ILM reposition was
applied in 3 cases.

According to the results of iOCT of 51 cases
that underwent conventional ILM peeling, the
images showed that the top areas of the MHs were
all reduced, moreover, the inner retina bridge
connection generated after peeling ILMs in 2 cases

Fig. 1. The vehicle-mounted iOCT used in this study.
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and the vitreous cavity tamponade was ¯nally
switched to air tamponade (Fig. 2), and a slim
strip with high re°ection arose on the edge of MH
after peeling ILMs in 20 cases (33.9%), which was
recognized as the Hole-door phenomenon (Fig. 3).
In the ¯ve cases that underwent ILM peeling with
inverted °ap technique, the inverted ILM °ap
could be clari¯ed using iOCT scan during the op-
eration (Fig. 4), furthermore, the reposited ILM

could also be con¯rmed in the iOCT images in the
3 cases who adopted the technique of peeled ILM
reposition.

3.2. iOCT results of idiopathic

epiretinal membrane(iERM)

A total of 134 cases of iERM undergoing iOCT scan
were enrolled in this study. The aim of iOCT scan

Table 1. Baseline characteristics of cases successfully completed the iOCT scans.

iMH
n ¼ 59

iERM
n ¼ 134

Dense VH
n ¼ 60

LMH
n ¼ 33

VMT
n ¼ 13

High myopic
maculopathy

n ¼ 40
Total

n ¼ 339

Gender (male/female) 13/46 48/86 28/32 8/25 5/8 12/28 114/225
Age, year 58:17� 12:39 66:13� 8:41 57:73� 12:87 66:13� 9:08 58:23� 12:08 59:43� 11:63 62:96� 10:56
Axial length (mm) 23:30� 1:05 23:44� 1:18 23:24� 1:04 23:05� 1:05 24:12� 1:30 29:04� 1:87 24:21� 2:36
Preoperative BCVA

(logMAR)
1:34� 0:52 0:55� 0:41 1:53� 0:52 0:40� 0:29 0:55� 0:31 0:70� 0:52 —

Postoperative BCVA at ¯nal
follow-up (logMAR)

0:50� 0:32 0:31� 0:25 0:55� 0:41 0:22� 0:15 0:30� 0:13 0:35� 0:33 —

P < 0:01 < 0:01 < 0:01 < 0:01 < 0:01 < 0:01 —

Notes: VH ¼ vitreous hemorrhage; iERM ¼ idiopathic macular epiretinal membrane; iMH ¼ idiopathic macular hole; LMH ¼
lamellar macular hole; VMT ¼ vitreomacular traction; LogMAR ¼ logarithm of the minimum angle of resolution and
BCVA ¼ best-corrected visual acuity.

Fig. 2. (a) A preoperative OCT of an iMH patient. (b) The iOCT image revealed the occurrence of bridge connection of inner
layers after the ILM peeling.

Fig. 3. (a) A preoperative OCT of a MH patient. (b) The iOCT image revealed the occurrence of slim stripes on the edge of MH
after the ILM peeling.
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was mainly to observe the residual ERM and the
secondary changes after peeling ERM.

The iOCT scan results showed that the residue

ERM could be observed in 9 cases (6.7%), and an

ERM re-peeling was conducted respectively in

4 cases, while the other 5 cases remained untreated

since the residual ERM was too close to papiloma-

cular ¯bers. Moreover, secondary changes after

peeling ERM were detected in 74 cases (55.2%),

including preretinal hemorrhage, inner retinal ele-

vation, loss of nerve ¯ber layer, LMH and so on

(Fig. 5).

3.3. iOCT results of dense vitreous
hemorrhage (VH)

A total of 60 cases of dense VH undergoing iOCT
scan were enrolled in this study. The causes of dense
VH in this study included diabetic retinopathy (43
cases), retinal vein occlusion (10 cases), and poly-
poidal choroidal vasculopathy (7 cases).

The iOCT examination was performed after re-
moving the hemorrhage during the operation.
According to the iOCT images, the normal macular
structure was con¯rmed in 22 cases (36.7%), while
each of the other 38 cases (63.3%) had macular

Fig. 4. A case underwent ILM peeling with inverted °ap technique, the inverted ILM °ap could be clari¯ed using iOCT scan
during the operation.

Fig. 5. (a) A case of epiretinal membrane residue after membrane peeling. (b) A case of nerve ¯ber layer elevation after membrane
peeling. (c) A case of nerve ¯ber layer damage after membrane peeling. (d) A case of local neuroretina elevation after membrane
peeling.
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abnormalities, and the main manifestations were
macular edema (ME), macular epiretinal membrane
(MER), LMH, macular atrophy, and so on. There
were 16 cases (26.7%) whose iOCT results were not
consistent with operator's judgment under the
microscope, including the MER which could not be
observed by naked eyes under the microscope in 10
cases, mild ME in three cases, and the other three
cases were diagnosed as ME under the microscope,
while the iOCT images revealed the structure of
macular area were normal. Based on the results of
iOCT scan, an MER or ILM peeling was added in 13
cases (21.6%). All of the 10 cases of MER observed
under iOCT scan received an additional ERM
peeling and there was no recurrence in the follow-up
(Fig. 6).

3.4. iOCT results of high myopic
maculopathy

The iOCT scan was completed in totally 40 cases of
high myopic maculopathy, including 5 cases of
macular foveoschisis (MF), 14 cases of epiretinal
membrane (ERM), 5 cases of LMH, 12 cases of
macular hole (MH), and 4 cases of VMT.

The iOCT results showed that the Hole-door
phenomenon was observed in 3 cases (25%) with
MH (Fig. 7), and the residue MER was detected in 2
cases (14.3%) with MER. Furthermore, after peel-
ing the ERM or ILM, secondary changes were
detected in 10 cases (25%), including preretinal
hemorrhage and nerve ¯ber layer elevation. No full-
thickness macular hole was observed in the eyes of
MF after ILM peeling, however, one of the eyes was
identi¯ed as a full-thickness macular hole under
iOCT. In the 3 cases that underwent ILM peeling

Fig. 6. (a) The iOCT image showed an epiretinal membrane (ERM) after the removal of VH. (b) The iOCT image showed that no
epiretinal membrane residue after the peeling of ERM. White arrow: epiretinal membrane

Fig. 7. The OCT images of patient diagnosed MH with high
myopia. (a) Preoperative OCT showed a full-thickness MH
combined with retinoschisis, the MH diameter was 1178�m; (b)
The iOCT image showed a moderately re°ective band at the
edge of the MH and (c) Postoperative OCT showed the MH
was closed at one month after surgery.
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with inverted °ap technique, the inverted ILM °ap
could be clari¯ed using iOCT scan during the op-
eration, furthermore, the reposited ILM could also
be con¯rmed in the iOCT images in the 2 cases who
adopted the technique of peeled ILM reposition.

3.5. iOCT results of other vitreoretinal

diseases

A total of 33 cases of LMH undergoing iOCT scan
were enrolled in this study. All patients adopted the
conventional ILM peeling, there were no cases of
secondary full-thickness hole after ILM peeling
under iOCT examination, while secondary changes
after peeling ILM were detected in 20 cases (60.6%),
including preretinal hemorrhage and nerve ¯ber
layer elevation.

A total of 13 cases of VMT undergoing iOCT
scan were enrolled in this study, including 5 eyes of
5 males and 8 eyes of 8 females. The average age was
58:23� 12:08 years, and the average axial length
was 24:12� 1:30mm, the average preoperative
BCVA was 0:55� 0:31. The results showed that
vitreous traction was completely released after
PPV, and no secondary change occurred.

4. Discussion

The clinical value of iOCT applied to vitreoretinal
surgery lies in the detection of undetectable changes
in the vitreous-retinal interface of the macular area
through intraoperative scanning, which improves
the operator's understanding of the anatomic con-
¯guration and guides the surgical decision-making.
As previously reported, iOCT examination was
mainly used in macular disease to observe the mor-
phological changes of the macular area after peeling
ERM and ILM, and to guide subsequent surgical
operations.10,15–17 The results of the DISCOVER
study, a multi-center prospective study with the
largest sample, showed that 29.2% of vitreoretinal
surgeries have changed the surgeon's surgical deci-
sion through the application of iOCT.1 The results of
the application of iOCT in vitreoretinal surgery for
four years in this study showed that the inconsis-
tency rate between iOCT examination results
and the operator's microscope judgment reached
to 14.5%, and 8.6% of the cases had changed the
surgical method, indicating that iOCT has
valuable clinical guiding signi¯cance for vitreoretinal
surgery. Furthermore, no complications such as

endophthalmitis related to the examination occurred
after the operation.

iOCT is widely used in the surgery of macular
disease, aiming to observe the extent of ERM and
ILM peeling, the residual membranes, the secondary
changes in ERM surgery, and to observe the mor-
phological changes of the MH after ILM peeling.
However, there are few researches on the correlation
analysis between the intraoperative changes and
postoperative changes in the iOCT examination of
macular diseases. The results of this study showed
that the inner retina bridge connection generated
after peeling ILMs in some cases of iMH, thus a
more reasonable surgical method was selected.
Meanwhile, the results of iOCT analysis showed
that a vertical slim strip with high re°ection arose
on the edge of MH after ILM peeling in 33.9% of
cases, as previously reported, was recognized as the
Hole-door phenomenon.18 In our previous research,
for MHs with a diameter larger than 400�m, the
appearance of this phenomenon indicated a better
prognosis, and it may be used as a sca®old to pro-
mote the closure of MH and the recovery of the
outer photoreceptor cell layer.19 Second, the results
of iOCT scan showed that the residue ERM could
be observed in 9 cases of iERM, and an ERM re-
peeling was conducted respectively in 4 cases. The
incidence of secondary changes after membrane
peeling reached 55.2%, mainly including preretinal
hemorrhage, inner retinal elevation, loss of nerve
¯ber layer, lamellar macular hole, and so on.
Moreover, compared with preoperative BCVA in
this study, postoperative BCVA at ¯nal follow-up
was signi¯cantly improved. Therefore, similar to the
previous researches, the results of our study indicate
that the application of iOCT has important refer-
ence value for whether to peel the membrane again
during surgery and the recovery of visual function
after surgery.20,21

Diabetic retinopathy and retinal vein occlusion
are the most common causes of VH. As preoperative
OCT examination in patients with dense VH can-
not determine whether there were structural ab-
normalities in the macular area, according to the
iOCT images, macular abnormalities could be
detected, and the main manifestations were ME,
MER, which were hard to be identi¯ed under the
microscope, leading to failure to adopt reasonable
surgical methods, a®ecting the prognosis of visual
function. In this study, 26.7% of dense VH cases
whose iOCT results were not consistent with

Feasibility and utility of intraoperative optical coherence tomography during vitreoretinal surgery
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operator's judgment under the microscope. Based
on the results of iOCT scan, a more reasonable
surgical method was chosen in 21.6% of cases. All of
the 10 cases of MER observed under iOCT scan
received an additional ERM peeling and there was
no recurrence in the follow-up.

In this study, the iOCT images can clearly dis-
play the residual epiretinal membrane, the abnor-
mality of nerve ¯ber layer and the elevation of the
inner retina in the cases of high myopic maculo-
pathy. The qualities of all images were good, con-
¯rming the feasibility of iOCT in high myopic
maculopathy surgery. Moreover, residual mem-
branes were observed on the iOCT images after the
removal of ERMs in some cases, indicating that the
application of iOCT can help con¯rm the integrity
of the removal of the membranes during the oper-
ation, avoiding the repeated application of dyes
during the operation and reducing the possibility of
retina toxicity. In addition, in high myopia eyes, the
retinal tissues in the macular area are very fragile,
and intraoperative damage is more likely to occur.
In this study, iOCT can be used to observe micro-
damages during the membranes peeling process,
such as nerve ¯ber layer hemorrhage and inner
retinal elevation changes. The application of iOCT
helps the surgeon adjust the membranes-peeling
technique and strength according to the micro-in-
jury during the operation, and reduce the damage
to the retinal tissue. The Hole-door phenomenon
can also be observed in the iOCT scan results of
some patients of high myopia macular hole. Com-
bined with previous research results, the appearance
of this phenomenon may indicate a good prognosis,
however it needs to be con¯rmed by a larger sample
of clinical trials. Iatrogenic MH is the most serious
intraoperative complication of MF. Therefore, it is
very necessary to evaluate the presence or absence
of MH after ILM peeling, which helps guide the
surgeon on what kind of vitreous cavity tamponade
to use in subsequent operations. In this study, no
full-thickness macular hole was observed in the eyes
of MF after ILM peeling, however, one of the eyes
was identi¯ed as a full-thickness macular hole under
iOCT, which played a guiding role in the subse-
quent selection of vitreous cavity tamponade.
Therefore, iOCT can provide more comprehensive
information in real time and help the surgeon make
further decisions.

Microscope integrated iOCT, as the third-
generation iOCT product, has been widely used

clinically in a lot of countries, while it has not yet
been marketed in China. The vehicle-mounted
iOCT used in this study required suspension of
surgery for scanning and static image analysis.
The average delay time was 3.54 minutes. The
DISCOVER study showed that although the mi-
croscope-integrated iOCT could perform intrao-
perative real-time scanning, with the gradual
clinical application, nearly 60% of surgeons still
preferred the traditional intraoperative static image
analysis, which could show a more subtle structural
changes than real-time images, and a comparative
analysis before and after operation could be con-
ducted.11–13 Therefore, the vehicle-mounted iOCT
for intraoperative static OCT image analysis still
has irreplaceable clinical value. However, with the
continuous development and progress of techno-
logy, microscope-integrated iOCT will eventually
appear and be widely used in the Chinese market.
While completing intraoperative real-time scan-
ning, it can also collect and analyze static images at
any time during the operation as required. This
solves the shortcomings that the vehicle-mounted
iOCT needs to suspend the operation and the
operation process is relatively cumbersome.

This study has demonstrated both the feasibility
and utility of the vehicle-mounted iOCT in Chinese
population as it relates to surgical decision-making
in vitreoretinal surgery. There are some important
strengths and limitations that should be emphasized.
The large sample size and dynamic assessment of
surgeon impression over time provide enhanced
generalizability of the results, the completion of the
operation by the same surgeon also reduces the in-
°uence of subjective factors on the operation,
thereby showing the results more objectively. Im-
portant limitations of this study include the lack of
control group without the use of iOCT. Moreover,
there is a lack of intraoperative fundoscopic imaging
as well as the scanning lines show the cross section of
iOCT images. Additionally, in this study, only the
postoperative BCVA was analyzed as the impact of
iOCT on outcomes, but lacked other indicators, such
as the integrity of the outer layer of the retina, the
thickness of the fovea, the degree of visual defor-
mation, contrast sensitivity, and so on. Thesemay be
able to more fully explain the application value of
iOCT in vitreoretinal surgery.

In conclusion, the application of iOCT has a
signi¯cant clinical functionality in vitreoretinal
surgery, providing the surgeon with a new surgical
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understanding, guiding the selection of a more rea-
sonable operative procedure during surgery, pre-
dicting postoperative recovery and improving
postoperative outcomes.
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