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Editorial

Pathways of Fluid Leakage in Age-Related Macular
Degeneration

Neovascular Fluid Pathway

Age-related macular degeneration (AMD) repre-
sents a massive burden of vision impairment and
blindness in the United States and worldwide,1 but the
management of this devastating disease has remark-
ably progressed because of the development of
advanced retinal imaging tools, especially high-
resolution, depth-resolved optical coherence tomogra-
phy (OCT) and OCT angiography (OCTA). Currently
recognized OCT biomarkers for neovascular activity
include intraretinal fluid (IRF), subretinal fluid (SRF),
subretinal pigment epithelium fluid, and subretinal hy-
perreflective material (SHRM), which are critical fac-
tors guiding therapy.2–4 Fluid is a major hallmark of
exudation and angiogenic activity in eyes with neo-
vascular AMD, indicating the need for treatment with
anti–vascular endothelial growth factor (VEGF)
injection.2,3,5

A long list of pivotal clinical trials essential for the
ratification and approval of various anti-VEGF thera-
pies, including aflibercept,6 brolucizumab,7 and farici-
mab,8 relied on the OCT response of anatomical
biomarkers of neovascular activity to corroborate the
observed functional efficacy of the investigated agent.
In all cases, the study drug was no less effective or was
better in resolving fluid markers such as IRF and SRF,
and these OCT outcomes were critical factors that
were evaluated to determine the treatment effect of
the anti-VEGF agent. Fluid as a marker of neovascular
activity is a universal concept that is essential for clin-

ical trials, and daily clinical practice and the ubiqui-
tous use of OCT worldwide can be attributed, in large
part, to this association.
However, recent studies have provided insight into

the various nonneovascular pathways of exudation in
eyes with AMD and indicate that fluid can have a
much more complex and nuanced etiology and is not
always an indicator of neovascular activity in AMD.9–
14 Although some have labelled nonneovascular fluid
as a transudate and neovascular fluid as an exu-
date,11,13 the mechanisms may be more complicated,
and therefore, any form of fluid leakage (neovascular
or nonneovascular) is best referred to as exudation.
The subsequent sections of this editorial will summa-
rize the various nonneovascular pathways of exudation
(examples of exudation include IRF, SRF, and/or vi-
telliform lesions) in AMD and will provide guidelines
for the diagnosis and management of nonneovascular
fluid.

Nonneovascular Intraretinal Fluid Associated with
Cellular Degeneration

It is important to understand that both IRF and SRF
can be the result of nonneovascular pathways in the
context of AMD.9–14 The presence of IRF and SRF
with OCT does not always indicate neovascular activ-
ity and can be a sign instead of degenerative mecha-
nisms. Pseudocysts were originally described by
Cohen et al15 and represent a form of IRF overlying
the areas of retinal pigment epithelium (RPE) atrophy
and cRORA (complete RPE and outer retinal atrophy).
These cystoid lesions should not be confused with
outer retinal tubulations, which are identified exclu-
sively in the outer retina and illustrate hyperreflective
rings with OCT unlike pseudocysts.16,17 The etiology
of pseudocysts may be the result of Müller cell atrophy
because the Müller cells are a critical component of
hydrostasis in the retina.18 These degenerative cysts
are predominantly located in the middle retina (i.e.,
in the inner nuclear layer) as is the case of degenera-
tive fluid associated with other etiologies such as optic
atrophy19,20 and X-linked juvenile retinoschisis.21
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Degenerative fluid can be detected in eyes with either
nonneovascular and neovascular AMD, but the topo-
graphic association with underlying cRORA and RPE
atrophy is another important clue to the nonneovascu-
lar etiology (Figure 1).

Nonneovascular Subretinal Fluid as a Result of
Retinal Pigment Epithelium Dysfunction

Subretinal fluid can also complicate nonneovascular
AMD9,10,12,13 and like IRF can be the result of degen-
erative mechanisms such as RPE impairment. Hilely
et al10 showed that large drusen and drusenoid pig-
ment epithelial detachment (PED) can be associated
with nonneovascular SRF and suggest that RPE pump
dysfunction may explain this mechanism of fluid
development. The authors described three patterns of
fluid over large drusen, including apex fluid, fluid
drapes, and fluid pockets in the valleys between adja-
cent large drusen. Apex fluid may be the most com-
mon pattern because this represents the point of
greatest RPE displacement from the underlying cho-
roid, which nourishes and oxygenates the RPE. This
may explain why taller drusen are more likely to dis-
play biomarkers of RPE atrophy, such as intraretinal
hyperreflective foci and plumes, especially at the apex,
and why larger drusen are at a greater risk of collapse
and atrophy.22 In fact, the presence of nonneovascular
SRF associated with large drusen may be a marker for
the development of iRORA (incomplete RORA) and
cRORA. Hilely et al10 noted that more than 50% of
cases of drusen associated with SRF proceed to iR-
ORA or cRORA. With greater separation of the RPE
from the underlying choriocapillaris, there is a signif-
icantly higher risk of RPE ischemia leading to RPE
dysfunction and impairment and ultimately RPE atro-
phy and death.
Additional pathways to consider include ischemic

RPE migration into the retina (i.e., intraretinal hyper-
reflective foci), driven by inner choroidal ischemia (as
evidenced by choriocapillaris flow deficits with OC-
TA) and higher levels of intraretinal VEGF leading to
increased retinal vascular permeability and leakage of
fluid.14

OCT angiography is a critical tool to differentiate
nonneovascular from neovascular fluid. In an eye with
suspected nonneovascular SRF, the absence of macu-
lar neovascularization (MNV) with OCTA can prevent
unnecessary anti-VEGF injection treatments.12

Vitelliform lesions, like nonneovascular fluid, are
another example of nonneovascular exudation and
can also develop as a result of RPE dysfunction and
impaired phagocytic activity, either as a result of

inherited susceptibility or as a result of acquired
causes such as intermediate AMD or pachychoroid
disease. Acquired vitelliform lesions (AVL) can be
confused with neovascular SHRM because of Type
2 MNV, and the partial resorption of AVLs may
result in hyporeflective cavities that can masquerade
as neovascular fluid on OCT.23–25 Multimodal
imaging is essential to differentiate vitelliform
lesions from MNV. Acquired vitelliform lesions
are round and yellow on color fundus photography
and exhibit a typical hyperautofluorescent signal on
fundus autofluorescence. On OCT, AVLs are hyper-
reflective and represent a form of SHRM located
between the thickened RPE and the elevated neuro-
sensory retina. They are often associated with focal
outer retinal attenuation and typically progress to
atrophy after several years of follow-up. OCT angi-
ography is an indispensable tool to exclude MNV in
these cases.24

Nonneovascular Subretinal Fluid Associated with
Pachychoroid Disorder

An additional nonneovascular pathway of SRF
leakage to consider in AMD is pachychoroid disease
defined by the presence of pachyvessels (dilated outer
choroidal veins in Haller layer) and/or focal or diffuse
thickening of the choroid according to age. Although
most investigators regard a subfoveal choroidal thick-
ness greater than 300 mm on enhanced depth imaging
OCT (EDI-OCT) sufficient for the diagnosis of pa-
chychoroid, age and axial length are important factors
to consider.26 However, in the elderly population, a
choroidal thickness greater than 250 mm is unusual,
and greater than 300 mm is very rare and can be con-
sidered pathological.27 Choroidal morphological alter-
ations are also important criteria for the diagnosis of
pachychoroid and include dilated Haller layer vessels
with attenuation of Sattler layer and the choriocapilla-
ris and associated overlying RPE disruption.28 The
pachychoroid spectrum includes pachychoroid pig-
ment epitheliopathy,29 central serous chorioretinop-
athy,30 polypoidal choroidal vasculopathy,31

pachychoroid neovasculopathy,32 peripapillary pa-
chychoroid syndrome (PPS),33 and focal choroidal
excavation.34 Pachydrusen and pachyvitelliform mac-
ulopathy are additional manifestations of pachychor-
oid disease that can occur in older patients and may
represent variants of nonneovascular AMD.24,35,36

Choroidal hyperpermeability, as illustrated with indoc-
yanine green angiography (ICGA), is a common
denominator of all disorders in the pachychoroid spec-
trum, and therefore, ICGA can be a resourceful
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diagnostic tool in this context.37,38 The choroid should
be evaluated in any eye with IRF or SRF to determine
if the fluid is the result of pachychoroid pathways.
Choroidal vascular leakage or compression of the cho-

riocapillaris causing RPE stress or pump failure can
lead to exudative complications, including serous PED
and SRF and IRF accumulation.28 There may even be
a threshold level of choroidal thickening leading to the

Fig. 1. Multimodal imaging of nonneovascular
degenerative intraretinal fluid (IRF) in a patient with
neovascular age-related macular degeneration
(AMD). The left eye of an 88-year-old man with a
history of neovascular AMD and 14 prior injections
of anti–vascular endothelial growth factor (anti-
VEGF) is shown. En-face optical coherence
tomography angiography (OCTA) with chorioca-
pillaris slab segmentation is shown at the baseline
visit (A) and at the final follow-up 4 years later (C).
Note the progression of macular atrophy with both
the en-face OCTA and the en-face OCT over time.
Segmentation at the level of the outer retina in the
respective en-face OCTA scans at baseline (B) and 4
years later (D) show Type 1 macular neo-
vascularization (MNV) adjacent to the expanding
area of outer retinal atrophy. OCT B scans at base-
line (E) demonstrate a fibrovascular pigment epi-
thelial detachment in the nasal macula
(corresponding to the type 1 MNV) adjacent to the
area of complete retinal pigment epithelium and
outer retinal atrophy (cRORA) with overlying cysts
of degenerative IRF. This fluid was attributed to
nonneovascular pathways, and further anti-VEGF
therapy was deferred and an observe-and-extend
regimen was initiated. The IRF remained relatively
stable with gradual expansion of the area of cRORA
noted on the OCT B scans at the subsequent follow-
up visits 10 months (F), 2 years (G), 3 years (H),
and 4 years (I) after baseline.

EDITORIAL 875

Copyright © by Ophthalmic Communications Society, Inc. Unauthorized reproduction of this article is prohibited.

D
ow

nloaded from
 http://journals.lw

w
.com

/retinajournal by 3X
vZ

oI68w
pkpurjW

IX
oboeIze1W

iO
bzeG

ru6hK
gsV

qK
il08K

rD
crLZ

joaJV
S

fQ
D

K
B

G
2kbw

6M
9JjN

S
U

11czF
U

N
X

+
u0V

m
/pktX

Q
+

M
G

tG
2Y

/jD
m

B
gI8D

X
V

R
lY

Y
aaY

7V
Q

hdC
lyLS

0iC
u+

JA
=

 on
06/06/2023



Fig. 2. Multimodal image of a 40-year-old male patient with a history of herpetic anterior uveitis and bilateral pachychoroid disease. Fundus autofluorescence
of the right (A) and left (B) eyes show mottled hypoautofluorescence and hyperautofluorescence of the retinal pigment epithelium (RPE) consistent with
pachychoroid pigment epitheliopathy. Early phase indocyanine green angiography of the right (C) and left (D) eyes show large choroidal vessels and midphase
images (E and F) show multifocal hyperfluorescent areas of choroidal vascular hyperpermeability. Optical coherence tomography (OCT) B scans of the left eye
at the first visit (G) show large choroidal veins more obvious in the subfoveal region with areas of RPE and ellipsoid zone disruption. Three months later (H),
subretinal fluid (SRF) develops commensurate with a remarkable increase in choroidal thickness. With steroid treatment of the recurrent uveitis episode and at
follow-up 1 month later, the choroidal thickness dramatically decreased with spontaneous resolution of the SRF (I).
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development of SRF (Figure 2). OCT angiography can
be an extraordinary tool in eyes with pachychoroid
disease and fluid accumulation, especially when a
shallow PED is identified, to exclude MNV and tailor
the therapeutic plan.39 In AMD cases with suspected
nonneovascular fluid, the choroid should be measured
to determine if pachychoroid disease may represent a
factor contributing to the accumulation of fluid in the
intraretinal or subretinal space. Even with the detection
of MNV with OCTA in the context of pachychoroid
disease, the nonneovascular pathways should be con-
sidered as a potential source of the fluid. For the man-
agement of nonneovascular fluid in the setting of
pachychoroid and AMD, please see the “Evaluation

and Management of Non-Neovascular Fluid”
section below.

Persistent Fluid in Anti-VEGF Clinical Trials

One of the targeted end points of clinical trials of
anti-VEGF agents for neovascular AMD is the
achievement of a dry macula with OCT, yet a
significant portion (approximately 25%–50%) of study
eyes that receive repeated anti-VEGF injection therapy
can exhibit persistent fluid at 1 or 2 years from base-
line.4,40–42 In the HARBOR clinical trial that com-
pared monthly versus pro re nata ranibizumab,
persistent fluid was noted in 27% of eyes at 12 and

Fig. 3. Multimodal imaging of a case of age-related macular degeneration (AMD) with nonneovascular fluid successfully managed by an observe-and-
extend protocol. The left eye of a 64-year-old woman with history of exudative nonneovascular AMD is shown. Fundus photography of the left eye at
baseline (A) shows confluent macular drusen and corresponding fundus autofluoresecence (B) shows hyperautofluorescence of the macular drusen and a
central acquired vitelliform lesion. At the final follow-up 17 months later, fundus photography (C) and autofluorescence (D) of the left eye show the
development of central macular atrophy. En-face optical coherence tomography (OCT) angiography at baseline (E) with slab segmentation at the outer
retina shows no evidence of macular neovascularization and corresponding en-face OCT (F) shows the central large drusenoid pigment epithelial
detachment (PED) with overlying vitelliform exudation and surrounding drusen. OCT B scan of the left eye at baseline (G) shows large macular drusen
and drusenoid PED with a temporal drape of subretinal fluid. The patient received a trial of one intravitreal anti-VEGF injection, and follow-up 3 weeks
later (H) shows no change in the OCT fluid volume. An observe-and-extend protocol was subsequently adopted and at increasing intervals of 11 week
(I), 24 weeks (J), and 40 weeks (K). The fluid fails to progress and gradually resolves with OCT without any further injections. The subsequent collapse
of the drusenoid PED with the development of complete retinal pigment epithelium and outer retinal atrophy (cRORA) with OCT is noted on the final
follow-up at 17 months after baseline (L).
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24 months.4 The Comparison of Age-Related Macular
Degeneration Treatments Trials (CATT) comparing
ranibizumab versus bevacizumab showed that 54.5%
of eyes treated with monthly injections (and 77.7% of
eyes in the pro re nata group) demonstrated persistent
fluid at 24 months.41 In the VIEW 1 and 2 studies that
assessed the efficacy of aflibercept versus ranibizu-
mab, residual fluid was detected in 30% and 48% of
eyes at 52 and 96 weeks, respectively.42 In the HAWK
and HARRIER brolucizumab trials, persistent fluid
was detected in 31.2% and 25.8% of eyes, respec-
tively, at 48 weeks after the initiation of therapy.7

Although persistent fluid can certainly be the result
of persistent neovascular activity requiring stronger
anti-VEGF agents or more frequent injection inter-
vals,7 nonneovascular pathways, such as RPE pump
impairment or pachychoroid disease, should also be
considered. Mild stable SRF may be tolerated, and in
the absence of fluid progression or other features of
neovascularization such as hemorrhage or SHRM or
enlarging PED, observation may represent the most
optimal management when further improvement with
aggressive therapy is not observed.4,40 Tolerable SRF
is a concept that has emerged from post hoc analyses
that demonstrated better visual outcomes in eyes with
persistent SRF rather than IRF.40,43 This counterintu-
itive observation may be explained on the basis of
viable but functionally impaired RPE cells that are
capable of supporting the overlying photoreceptors
but not capable of completely removing SRF, as
opposed to eyes with RPE atrophy in which there is

free fluid movement into the choroidal vasculature.44

This is supported by the observation that nonneovas-
cular fluid typically resolves with the development of
cRORA10,12 and is also validated by clinical trial arti-
cles that have identified the association of RPE atro-
phy with the absence of SRF.43,45,46 It should be
noted, however, that in studies showing positive visual
outcomes in the setting of persistent fluid, patients
were being consistently treated and monitored for fluid
that was deemed to be related to MNV activity. In this
regard, it is important to distinguish the management
approach for fluid assigned to neovascular activity
versus fluid considered the result of nonneovascular
mechanisms.

Evaluation and Management of
Nonneovascular Fluid

Differentiation of nonneovascular and neovascular
fluid is important but can pose a challenge. Associated
findings of neovascular activity, such as heme and
SHRM, and the presence of a multilayered or fibro-
vascular PED should be excluded before the diagnosis
of nonneovascular fluid.10,12,13 Progression of fluid or
an enlarging PED are additional signs of neovascular
activity. Degenerative IRF can be detected in the pres-
ence or absence of neovascularization because macular
atrophy can occur in either setting.47 The location of
the “pseudocysts” on OCT overlying a region of RPE
atrophy and the relative stability of this degenerative
IRF over a long duration of follow-up are indicative of

Fig. 4. Management algorithm
of fluid detected on optical
coherence tomography in eyes
with age-related macular
degeneration. IRF, intraretinal
fluid; MNV, macular neo-
vascularization; OCT, optical
coherence tomography; OCTA,
optical coherence tomography
angiography; PDT, photody-
namic therapy; SHRM, sub-
retinal hyperreflective material;
SRF, subretinal fluid; VEGF,
vascular endothelial growth
factor.
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a nonneovascular pathway. Such degenerative IRF can
be safely monitored and often exhibits a stable clinical
course.15

Although OCTA is not 100% sensitive in the
identification of MNV, especially in the setting of
immature or small MNV or large PED, repeated
OCTA testing without MNV detection supports the
diagnosis of nonneovascular fluid associated with
intermediate or atrophic AMD. Dye-based angiogra-
phy, including fluorescein (FA) and ICGA previously
considered the gold standard for the detection of
MNV, is considered inferior to OCTA for the
detection of occult MNV.48–50 The sensitivity of OC-
TA for the detection of Type 1 MNV when combined
with structural OCT reaches 85%, whereas that with
FA alone is 66%.49 Nonspecific or occult leakage pat-
terns on FA can be present because of neovascular or
nonneovascular (e.g., RPE pump impairment) mecha-
nisms, and therefore, FA is a poor method to differen-
tiate neovascular and nonneovascular fluid.50

Moreover, OCTA is a fast, simple, and noninvasive
tool that can be repeated each visit for more reliable
detection of MNV. Dye-based FA is invasive and time
consuming and cannot be repeated visit to visit.
Santina et al12 recently proposed an “observe-and-

extend protocol for the management of nonneovascu-
lar SRF in eyes with intermediate AMD and noted
stable or improved fluid with progressively longer
intervals of observation. In the observe-and-extend
protocol, interval extension is increased by 2 to 4
weeks only if fluid remains stable and in the absence
of associated features of MNV such as heme or SHRM
or progressive PED and without MNV detection with
OCTA at every visit. The natural history of nonneo-
vascular fluid in eyes with intermediate AMD is long-
term stability, although in the Santina and Hilely stud-
ies, fluid did resolve in those eyes that developed iR-
ORA/cRORA with commensurate visual decline
(Figure 3). This is in distinct contrast to neovascular
fluid, which invariably progresses without anti-VEGF
intervention. These findings suggest that observation
of nonneovascular fluid in the setting of intermediate
AMD may be a valid option, but vigilance is abso-
lutely critical because any progression of fluid, decline
in vision, or detection of MNV with OCTA or identi-
fication of other signs of neovascularization should all
warrant urgent intervention with anti-VEGF therapy.
Larger, prospective, controlled studies are needed to
validate the observe-and-extend protocol.
Choroidal thickness and morphology should be

evaluated in eyes with AMD in which SRF and/or
IRF develop, especially in cases with persistent fluid,
as the presence of pachychoroid can be a causative or
contributory pathway for fluid accumulation in these

eyes. Spectral-domain OCT (especially EDI-OCT) or
swept-source OCT are effective methods for measur-
ing choroidal thickness and evaluating outer vessel
morphology. Dye-based angiography can supplement
the diagnosis of pachychoroid disease. The presence of
associated choroidal hyperpermeability with ICGA
can provide confirmatory diagnostic information. In-
docyanine green angiography is also the best tool to
detect polyps, which can be a very important finding
because polypoidal choroidal vasculopathy (PCV) is
another consideration in eyes with recalcitrant fluid,
and PCV may respond better to photodynamic therapy
(PDT).51 Indocyanine green angiography and FA may
also identify sites of leakage that can be targeted by
laser treatment.28 Anti-VEGF therapy can shrink the
choroid and reduce the fluid load in eyes with PPS.52

Another treatment option for nonneovascular SRF
associated with pachychoroid is PDT (full fluence or
half fluence),53 although an observe-and-extend pro-
tocol can be considered if the SRF is mild and stable
and not visually significant, despite the presence of
pachychoroid.
Recently, the Food and Drug Administration

approved the treatment of atrophic AMD with a C3
complement inhibitor, which reduced the rate of
atrophy based on fundus autofluorescence by 12%–

22% after 1 year of monthly intravitreal injection ther-
apy.54 Although this is a breakthrough in the treatment
of nonneovascular AMD, 10% of eyes developed
signs of exudation such as SRF or IRF in the preced-
ing Phase 2 clinical trial.55 The study suggested a
possible treatment protocol of these eyes with anti-
VEGF therapy concurrent with the complement inhib-
itor therapy. However, these eyes did not undergo
OCTA to determine if the origin of this fluid was neo-
vascular or nonneovascular. This is a key oversight
because these eyes all exhibited features of degenera-
tion and atrophy and would therefore be at very high
risk of nonneovascular fluid as a result of cellular
degeneration and RPE impairment. OCT angiography
should be performed in these eyes to assess for MNV.
In the absence of MNV with OCTA and other features
of neovascularization, an observe-and-extend protocol
could be considered while the C3 inhibitor therapy is
continued, which could be a major breakthrough for
patients, thereby reducing the overall burden of intra-
vitreal therapy.

Conclusion

In summary, the detection of intraretinal or SRF in
eyes with AMD should not always trigger a reflex
response of intravitreal anti-VEGF injection. Careful
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evaluation of the underlying pathway leading to fluid
leakage should be performed to determine if the fluid
is the result of nonneovascular or neovascular path-
ways (Figure 4). In the absence of MNV with OCTA
and other signs of neovascularization with multimodal
retinal imaging and with a stable clinical course, an
observe-and-extend approach may be the most effec-
tive management strategy of nonneovascular fluid.
Persistent fluid in the setting of neovascular AMD is
an additional clinical context, where it may be impor-
tant to differentiate neovascular and nonneovascular
origins of fluid.
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LONG-TERM PROGNOSIS OF CHOROIDAL
NEOVASCULARIZATION COMPLICATING
ANGIOID STREAKS

CHARLOTTE ROHART, MD, PHD,*†‡ HOANG-MAI LE, MD,§ JULIANA ESTRADA-WALKER, MD,§
AUDREY GIOCANTI-AUREGAN, MD, PHD,¶ SALOMON Y. COHEN, MD, PHD*§

Purpose: To report the very long-term visual prognosis of choroidal neovascularization
complicating angioid streaks in the antivascular endothelial growth factor era.

Methods: Retrospective monocentric study aimed at analyzing patients’ demographics,
choroidal neovascularization features, angioid streak–associated conditions, and previous
and current therapies for choroidal neovascularization. The main outcome measures were
the quantitative measurement of central retinal pigment epithelial atrophy enlargement by
comparing the ratio of pixels involved on automated infrared images acquired by spectral-
domain optical coherence tomography and the changes in best-corrected visual acuity.
The secondary outcome measures were the number of intravitreal injections and the
changes in central choroidal thickness and central retinal thickness. Subgroup analyzes
were performed to compare macular atrophy extent between eyes of patients with or
without proven pseudoxanthoma elasticum (“PXE” or “no PXE”) and between eyes pre-
viously treated or not with photodynamic therapy (“PDT” or “no PDT”).

Results: Thirty-three eyes of 23 patients were included. The mean best-corrected visual
acuity decreased significantly from 66 6 19 Early Treatment Diabetic Retinopathy Study
letters at the time of the first antivascular endothelial growth factor injection to 52 6 23
Early Treatment Diabetic Retinopathy Study letters at the end of the follow-up (mean follow-
up duration: 109 6 42 months, range: 47–175 months). The ratio of central retinal pigment
epithelial atrophy enlargement was 201%, 110%, 240%, and 111% in the PXE, no PXE,
PDT, and no PDT groups, respectively.

Conclusion: Despite the use of antivascular endothelial growth factor agents, the very
long-term prognosis appeared relatively poor, especially in patients with PXE. This study
also suggests that PDT should be used with caution in the management of choroidal
neovascularization in eyes with angioid streaks.

RETINA 43:882–887, 2023

Angioid streaks (ASs) are dehiscences in the Bruch
membrane due to the progressive fragmentation

and calcification of the elastic lamina in this mem-
brane. They can be idiopathic or associated with a

systemic disease such as pseudoxanthoma elasticum
(PXE), Ehler–Danlos syndrome, and Paget disease.1,2

The most common complication of ASs is the devel-
opment of choroidal neovascularization (CNV)
occurring in 42% to 86% of cases.3–6 Past therapeutic
approaches for CNV, including laser photocoagulation
and photodynamic therapy (PDT), have been associ-
ated with a high recurrence rate, laser scar enlarge-
ment, and poor final visual outcomes.7–12

Intravitreal antivascular endothelial growth factor
(anti-VEGF) agents have been shown to significantly
improve the visual prognosis of eyes developing this
complication.13,14 However, the long-term prognosis
of eyes with CNV secondary to ASs has rarely been
documented. Moreover, it varies from one study to
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another.15–20 Macular atrophy of the retinal pigment
epithelium (RPE) has been proposed as one of the
possible causes of the long-term visual loss, but its
progression rate has never been reported.20,21 The aims
of this study were to assess the very long-term prog-
nosis of eyes with CNV secondary to ASs due to PXE
in the anti-VEGF era and to investigate central RPE
atrophy enlargement in AS eyes with or without PXE.

Methods

A monocentric retrospective study was conducted in
patients with CNV secondary to ASs, diagnosed and
treated between July 2007 and January 2022 in a
tertiary retinal center located in Paris, France.
Data collected from patients’ charts included the age;

sex; follow-up duration; BCVA obtained using standard
Early Treatment Diabetic Retinopathy Study (ETDRS)
charts; CNV type and location, that is, Type 1 or Type
2, and subfoveal, juxtafoveal, or extrafoveal; past treat-
ments with PDT or thermal laser photocoagulation;
number of intravitreal injections; and injected drugs.
Spectral-domain optical coherence tomography (SD-

OCT) was performed using the Cirrus HD-OCT 4000
and 5000 devices (version 5.0; Carl Zeiss Meditec Dub-
lin, CA). B and C scans were acquired using the Cirrus
HD-OCT 5 Line Raster for horizontal and vertical
images. The central choroidal thickness (CCT) and cen-
tral retinal thickness were measured by a trained techni-
cian on the B scans passing through the fovea. The
automated infrared images allowed delineating central
RPE atrophy. Initial and final central RPE atrophy was
measured using FIJI software. Two independent graders
(H.M.L. and J.E.) evaluated all images. A manual
method was used to measure the atrophic area. Measure-
ments were repeated by each grader to determine the
intraobserver repeatability. Images were deidentified
and all personal data were removed. Because of use of
different versions of Zeiss Cirrus OCT during the study
period, there was no attempt to obtain absolute values of
central RPE atrophy. RPE atrophy frequently started in
the peripapillary atrophy. It was decided to keep this area
in the analysis. Thus, central RPE atrophy was first delin-
eated in the final image. Readers tried to analyze the
same area in the initial image to allow a comparative
pixel analysis.
Infrared images were exported and transferred to FIJI

(an extension of the image processing software, available
at http://fiji.se/; National Institutes of Health, Bethesda,
MD). Each grader manually delimited the atrophic area
using the region overlay tool and then the atrophic area
was measured by the software. For images with multiple
atrophic lesions, graders repeated the same selection and

subsequent steps to take into account each area. In these
cases, all atrophic areas measured were summed to
report the final number. Each grader performed the mea-
surements on three consecutive days.
The numbers of pixels presented as percentages,

corresponding to the initial number/final number
ratios, were compared.
The statistical analysis was performed using a

Student’s t test, and P values ,0.05 were considered
statistically significant. All data were collected in an
Excel file (Microsoft Excel for Mac).
The main outcome measures were the quantitative

measurement of central RPE atrophy enlargement and
the changes in BCVA. The secondary outcome
measures were the number of intravitreal injections
and the changes in CCT and central retinal thickness.
This study was conducted in accordance with the

principles of the Declaration of Helsinki and the
French bioethics legislation. The study conduct was
approved by the Ethics Committee/Independent
Review Board of the Fédération France Macula.

Results

Thirty-three eyes of 23 patients were included in this
study. Patients’ demographics are summarized in
Table 1. There were 12 women and 11 men with a mean
age of 57 6 8 years (range: 46–76 years) at the time of
the first injection. Fifteen patients (65%) had skin
biopsy–proven PXE (Figure 1). Nineteen eyes (58%)
presented with occult CNV (Type 1) and 14 (42%) with
classic CNV (Type 2). Choroidal neovascularization
was bilateral in 10 patients (43%) at the time of initial
treatment. Choroidal neovascularization was juxtafoveal
in 9 eyes (27%), subfoveal in 13 eyes (40%), and ex-
trafoveal in 11 eyes (33%). Sixteen eyes (48%) were
treated with ranibizumab, 1 (3%) with aflibercept, 9
(27%) with ranibizumab and aflibercept, and 7 (22%)
with bevacizumab and ranibizumab. Fourteen eyes
(42%) had previously been treated with PDT and 3
(9%) with thermal photocoagulation. Patients received a
mean number of 21 6 25 injections, that is, a mean
number of 2.4 injections per year. The mean follow-up
duration was 109 6 42 months (4–14 years).
The mean BCVA was 66 6 19 ETDRS letters at the

time of the first anti-VEGF injection and decreased to 52
6 23 ETDRS letters at the end of the follow-up. The
mean change in visual acuity was 14 6 17 ETDRS
letters throughout the follow-up, and this difference
was statistically significant (P ,0.05). The proportion
of patients with a visual acuity loss .20 ETDRS letters,
.15 ETDRS letters, .10 ETDRS letters, and .5
ETDRS letters was 33%, 42%, 57%, and 67%, respec-
tively. One patient was considered blind (visual acuity
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,1/20 in both eyes) at the end of the follow-up
(Figure 2).
The changes in BCVA were assessed depending

on AS etiology and the presence or the absence of a
history of CNV therapy. In the PXE-related AS
group, the proportion of patients with a visual acuity
loss .20 ETDRS letters, .15 ETDRS letters, .10
ETDRS letters, and .5 ETDRS letters was 38%,
38%, 57%, and 71%, respectively. In the PXE group,
the mean initial BCVA was 65 6 20 ETDRS letters
and the final BCVA was 51 6 25 ETDRS letters. In
the no PXE group, the mean initial BCVA was 67 6

18 ETDRS letters and the final BCVA was 55 6 19
ETDRS letters. The number of patients in both
groups was too small to perform a statistical
analysis.
In the PDT group, the mean initial BCVA was 616

24 ETDRS letters and the final BCVA was 46 6 26
ETDRS letters. In the no PDT group, the mean initial
BCVA was 70 6 15 ETDRS letters and the final
BCVA was 57 6 20 ETDRS letters. The number of
patients in both groups was too small to perform a
statistical analysis (Table 2).
The mean central retinal thickness decreased from

2646 55 mm at baseline to 2266 53 mm at the end of
the follow-up (P ,0.05). The mean CCT decreased
from 188 6 85 mm at baseline to 155 6 84 mm at
the end of the follow-up (P ,0.05).
At the end of the follow-up, an enlargement of

macular RPE atrophy was found in all eyes, with a
mean increase by 187 6 185%. The increase was
,25% in 8 eyes (24%), between 25% and 50% in 2
eyes (6%), between 50% and 100% in 4 eyes (12%),
and.100% in 19 eyes (58%). Two eyes of one patient
showed virtually no increase in atrophy (,2%). The
visual acuity impairment was of 19 6 17 ETDRS
letters in the group with an enlargement .100%.
The ratio of macular atrophy enlargement strongly

depended on the presence of PXE and previous
treatment with PDT. The increase in macular atrophy
was of 210% in the PXE group (21 eyes), of 303% in
the PXE and PDT group (9 eyes), and of 143% in the
PXE and no PDT group (12 eyes) (Table 3). More
precisely, the enlargement of RPE atrophy was of
110% in the no PXE group (12 eyes), of 81% in the
no PXE and no PDT group (5 eyes), and of 140% in
the no PXE and PDT group (7 eyes). The extent of
atrophy was of 240% in the PDT group and of 111%
in no PDT group. In the 7 eyes with major atrophy
extent, 100% had PXE.

Table 1. Demographics and Treatment Details

Patients 23
Men, n 11
Women, n 12

Eyes, n 33
Proven PXE, n (%) 15 (65%)
Mean age at the time of the first injection,
years

57 6 8

Mean follow-up duration, months 109 6 42
Mean treatment duration, months 79 6 53
CNV type
1, n (%) 19 (58%)
2, n (%) 14 (42%)

CNV bilaterality, n (%) 10 (43%)
CNV location
Extrafoveal, n (%) 11 (33%)
Juxtafoveal, n (%) 9 (27%)
Subfoveal, n (%) 13 (40%)

Mean number of intravitreal injections 21 6 25
Mean of number of injections per year 2.4
Injected drugs
Ranibizumab, n (%) 16 (48%)
Aflibercept, n (%) 1 (3%)
Ranibizumab and aflibercept, n (%) 9 (27%)
Ranibizumab and bevacizumab, n (%) 7 (22%)

Previous therapy
Photodynamic therapy, n (%) 14 (42%)
Thermal photocoagulation, n (%) 3 (9%)

Fig. 1. Infrared imaging of a 62-
year-old patient presenting with
angioid streaks showing the
progression of atrophy measured
with Fiji from 2009 (A) to 2020
(B) (from 90,306 pixels to
117,258 pixels). An enlargement
of the atrophy area can be seen.

884 RETINA, THE JOURNAL OF RETINAL AND VITREOUS DISEASES � 2023 � VOLUME 43 � NUMBER 6

Copyright © by Ophthalmic Communications Society, Inc. Unauthorized reproduction of this article is prohibited.

D
ow

nloaded from
 http://journals.lw

w
.com

/retinajournal by 3X
vZ

oI68w
pkpurjW

IX
oboeIze1W

iO
bzeG

ru6hK
gsV

qK
il08K

rD
crLZ

joaJV
S

fQ
D

K
B

G
2kbw

6M
9JjN

S
U

11czF
U

N
X

+
u0V

m
/pktX

Q
+

M
G

tG
2Y

/jD
m

B
gI8D

X
V

R
lY

Y
aaY

7V
Q

hdC
lyLS

0iC
u+

JA
=

 on
06/06/2023



Discussion

Choroidal neovascularization is considered the main
complication of ASs. The natural history of CNV
associated with ASs is poor, most of the eyes
progressing toward legal blindness.22 Before the
advent of intravitreal anti-VEGFs, patients underwent
laser photocoagulation, transpupillary thermotherapy,
PDT, and surgical removal.8,9,11,12,23–26 Conventional
laser photocoagulation was used to treat juxtafoveal
and extrafoveal CNV to stabilize the visual acuity.
However, the recurrence rate was high, and the laser
induced scar enlargement. Photodynamic therapy al-
lowed managing subfoveal CNV and the outcomes
were slightly better with VA stabilization over a lim-
ited period. Despite these treatments, CNV was a
major source of visual impairment.10

Many studies have confirmed the efficacy of intra-
vitreal anti-VEGF therapy on CNV secondary to
ASs.13–20,27 Intravitreal injections have improved the
functional outcome of these patients by controlling
CNV activity. The French PIXEL study has shown
that the mean VA was maintained at one year with
treatment with 0.5 mg of ranibizumab and it remained
stable for up to four years.28 However, in this previous
study, the mean follow-up was limited to 36.5 months.
Only a few studies have shown that, despite the con-
trol of CNV secondary to ASs, the long-term visual
prognosis could be poor. To the best of our knowl-
edge, our study is the first to report a mean follow-up
longer than 100 months (109 months, range: 48–175
months). Mori et al20 reported the outcomes of a
cohort after a mean follow-up of 91 months. The
median BCVA was significantly deteriorated at the
end of the follow-up. In our study, the mean final
BCVA was 52 ETDRS letters. The decrease in BCVA
was statistically significant, with a lower final VA than
previously reported. Moreover, in our study, the mean
final BCVA tended to be poorer in the PXE group and

PDT group compared, respectively, with the no PXE
group and no PDT group. However, the limited num-
ber of cases prevented any statistical confirmation.
Some factors have been shown to contribute to the
visual prognosis. Mori et al also reported that two
major factors contribute to a poor visual outcome in
CNV secondary to ASs: CCT thinning and RPE atro-
phy enlargement. Our study supported their result for
the CCT and atrophy progression. Indeed, we found a
thin CCT at baseline and a significantly thinner CCT at
the end of the follow-up. The very long follow-up
duration with macular atrophy enlargement could also
explain the poor visual prognosis. Indeed, we observed
a significant progression of macular atrophy in the
long term with a large geographic atrophic lesion in
eyes with CNV secondary to ASs. We performed a
quantitative assessment with a mean atrophy progres-
sion of 187%. This enlargement corresponded to a rate
of atrophy progression of 19.7% per year.
Our study is the first to have quantitatively com-

pared CNV secondary to ASs between patients with
and without PXE. In our patients with PXE, atrophy
progression was greater than 100% and the VA
impairment was of 19 ETDRS letters. The poor visual
prognosis could be explained by the progression of
atrophy with foveal involvement, whereas CNV was
controlled by anti-VEGF intravitreal injections.

Fig. 2. Infrared imaging of a 50-
year-old patient presenting with
angioid streaks showing the
progression of atrophy measured
with Fiji from 2011 (A) to 2015
(B) (from 54,550 pixels to
223,077). An enlargement of the
atrophy area can be seen.

Table 2. Mean Initial and Final BCVA

Mean Initial BCVA
(in ETDRS Letters)

Mean Final BCVA
(in ETDRS Letters)

All eyes 66 6 19 letters 52 6 23 letters
Yes 65 6 20 letters 51 6 25 letters

PXE
No 67 6 18 letters 55 6 19 letters
Yes 61 6 24 letters 46 6 26 letters

PDT
No 70 6 15 letters 57 6 20 letters
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Macular atrophy was increased by 210% in the PXE
group versus 110% in the no PXE group. Schoen-
berger et al21 investigated the progression of macular
atrophy in PXE regardless of the presence of CNV and
they have identified risk factors for atrophy. They have
found geographic atrophy in 20% of eyes and the
growth rate was 1.7 mm2 per year. In PXE, the
RPE–Bruch membrane complex is the pathologic
site. The authors have identified pattern dystrophy and
linear pigment deposits as high-risk factors for geo-
graphic atrophy in PXE. In our study, the number of
eyes with macular atrophy was twice as high in
patients with PXE as in patients with no PXE, suggest-
ing that the presence of lesions in PXE such as pattern
dystrophy and linear pigment deposits could predis-
pose to macular atrophy.
However, previous treatment with PDT could also

contribute to atrophy extent. In the PDT group,
macular atrophy was enlarged by 240%, more than
twice compared with the no PDT group (111%).
Studies conducted in eyes with age-related macular
degeneration have concluded that PDT could be
associated with adverse effects on normal tissue due
to choroidal hypoperfusion and severe RPE alterations
in the treated area after PDT.29 They have suggested
different reasons to explain RPE atrophy such as a
collateral damage to the choriocapillaris with subse-
quent secondary RPE atrophy. In our study, the stron-
gest progression of atrophy was observed in the PXE
and PDT group with an atrophy extent of 303%. The
association of PXE and PDT seemed to be the major
factor for atrophy in our study, likely explained by the
addition of their risk factors. However, we should keep
in mind that PDT may have been proposed to patients
who presented with the most aggressive CNV, more at
risk to develop RPE atrophy secondary to the progres-
sion of CNV. The combination of anti-VEGF and PDT
may also lead to more severe RPE atrophy than each
treatment alone. These elements could constitute
potential biases in association with the relatively low
number of included eyes in each subgroup.
Several studies have reported the control of CNV in

ASs with 1 to 2 intravitreal injections per year, which is a

relatively low number. These studies have reported a
mean number of 4.1 6 4.0 and 5.4 6 3.2 intravitreal
injections for CNV secondary to ASs during a follow-
up of 36.5 months and 53.8 months, respectively.14,30 In
our study, a mean number of 21.56 25 intravitreal injec-
tions were received during a mean follow-up of 109
months. The higher number of total injections and injec-
tions per year found in our study could be explained by
the use of a proactive treatment regimen in some patients.
In summary, the advent of anti-VEGF intravitreal

therapy has radically improved treatment and the short-
term prognosis of patients with CNV secondary to ASs.
However, based on our findings, the long-term visual
prognosis remains relatively poor. Despite its limita-
tions, that is, its retrospective design and the inclusion of
eyes previously treated with other modalities than anti-
VEGFs, this study showed that central RPE atrophy
progression is the major factor for the long-term
prognosis, despite a good response of CNV to anti-
VEGF agents. Moreover, this study also suggests that
PDT should be used with caution in the management of
CNV in eyes with ASs, especially in patients with PXE.

Key words: angioid streaks, pseudoxanthoma elas-
ticum, choroidal neovascularization, anti-VEGF, pho-
todynamic therapy.
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INVESTIGATION OF INCIDENCE AND
CAUSES OF ACUTE VISION LOSS DURING
ANTI–VASCULAR ENDOTHELIAL
GROWTH FACTOR THERAPY FOR
NEOVASCULAR AGE-RELATED MACULAR
DEGENERATION DURING A FOUR-YEAR
FOLLOW-UP

AKIRA MACHIDA, MD, AKIO OISHI, MD, PHD, EIKO TSUIKI, MD, PHD, YUKI MAEKAWA, MD, PHD,
JUNKO KURIHARA, MD, YUKI HIRATA, MD, ERIKO MACHIDA, BA, TAKASHI KITAOKA, MD, PHD

Purpose: To investigate the incidence, risk factors, and outcomes of patients with age-
related macular degeneration who experienced acute vision loss despite periodic injections
of anti–vascular endothelial growth factor treatment for 4 years.

Methods: This retrospective cohort study included patients who were diagnosed with
treatment-naive neovascular age-related macular degeneration and completed a 4-year
follow-up. The incidence and risk factors for the occurrence of three or more lines of visual
loss at every checkup were investigated.

Results: The analysis included 76 eyes of 76 patients. Acute vision loss occurred in 30
eyes (39.5%) over 4 years. Lower baseline best-corrected visual acuity and disrupted
ellipsoid zone were independent predictors of vision loss occurrence. Although the causes
and timing of visual acuity loss varied, retinal pigment epithelium tears were observed only
in the first year. Most patients (86.7%) who experienced vision loss recovered their vision to
pre-loss levels at least once; however, the final best-corrected visual acuity was worse than
that in the group that did not experience acute vision loss.

Conclusion: Approximately half of the patients with age-related macular degeneration
experienced acute vision loss during a 4-year follow-up, despite continuous anti–vascular
endothelial growth factor treatment. Most patients recovered from vision losses tempo-
rarily; however, they experienced worse visual outcomes subsequently.

RETINA 43:888–896, 2023

Age-related macular degeneration (AMD) is a lead-
ing cause of visual impairment, particularly in

developed countries.1–3 The visual prognosis of
patients with macular neovascularization (MNV) sec-
ondary to AMD has changed considerably since the
introduction of anti–vascular endothelial growth factor
(VEGF) treatment. Anti-VEGF agents include ranibi-
zumab and aflibercept, which several large clinical
studies have demonstrated to be efficacious.4–7

However, some patients still lose vision despite
continuous anti-VEGF treatment.8–11 Sub-analysis of
pivotal clinical trials identified the incidence and risk

of vision loss that occurs rapidly in the early phase of
treatment.12–14 This acute loss of vision, even if it
improves quickly, is a predictor of poor visual out-
comes in patients.13 The causes of vision loss include
the exacerbations of macular degeneration and also
other ophthalmologic or systemic diseases. However,
the cause is sometimes unknown.12,13

Although these studies provided important practi-
cal information, the observation period of the analy-
ses was limited to 1 year or 2 years. Considering that
longer checkups and treatment are required in real-
world clinical practice, investigating the acute vision
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loss over an extended follow-up period will help
improve disease management by identifying prevent-
able causes. It will help predict which patients would
experience poor visual outcomes and enable appro-
priate management to optimize adherence and
outcomes.
In this study, we investigated patients who lost more

than three lines of vision at any visit compared with
the previous visit during a 4-year follow-up despite
periodic injections of anti-VEGF agents and explored
the incidence rates and risk factors for developing
vision loss.

Methods

Study Participants

This retrospective cohort study used data from all
patients who were diagnosed with neovascular AMD
(nAMD) and started anti-VEGF drug treatment at the
Department of Ophthalmology, Nagasaki University
Hospital from January 2013 to December 2016.
The inclusion criteria were as follows: 1) age .50

years, 2) presence of MNV, and 3) start of anti-VEGF
therapy during the above period. Only one eye from
each patient was included; if both eyes received treat-
ment during the study period, the first eye was
included in the analysis. In contrast, the exclusion cri-
teria were as follows: 1) axial length .26.5 mm, 2)

occurrence of inflammatory or hereditary diseases that
may cause MNV, 3) previous treatments for MNV, 4)
any other retinal or optic nerve diseases, 5) a history of
intraocular surgery except for cataract surgery, and 6)
observation period ,4 years after the start of
treatment.
All procedures conformed to the tenets of the

Declaration of Helsinki, and the study design was
approved by the institutional review board of Nagasaki
University Hospital. The ethics committee waived the
requirement for written informed consent, given the
study’s retrospective nature; instead, patients were al-
lowed “opt-out” consent.

Intervention and Observation Procedure

We used the treat-and-extend regimen principle. We
used aflibercept in most cases of Type 1 MNV and
ranibizumab for Type 2 and Type 3 MNV. In addition,
we chose ranibizumab for patients with a high risk of
stroke and cardiovascular events. The initial drug may
have been switched to another when the lesion is
refractory. After an initial loading phase of 3 doses of
anti-VEGF administered 4 weeks apart, the interval for
the next injection was extended by 1 week to 2 weeks
to a maximum of 16 weeks if there was no sign of
exudation. The treatment interval was shortened by
$2 weeks upon signs of disease recurrence, as shown
by changes in anatomical parameters such as the pres-
ence of intraretinal or subretinal fluid. However, when
no recurrence was observed at intervals of$12 weeks,
treatment cessation was discussed with the patients.
Treatment was also stopped in refractory cases, in
which visual recovery was considered unlikely even
with continued injections, when the patient was
referred to another hospital for treatment, or when
the patient refused further treatment. The interval
between extension and shortening, timing of treatment
discontinuation, and drug selection were at the discre-
tion of the attending physician.
Patients underwent comprehensive examinations,

including measurement of best-corrected visual acuity
(BCVA), axial length (IOLMaster 500; Carl Zeiss
Meditec, Dublin, CA), fundus photography, spectral-
domain optical coherence tomography (SD-OCT, Spec-
tralis; Heidelberg Engineering, Heidelberg, Germany),
fluorescein angiography, indocyanine green angiogra-
phy, fundus autofluorescence imaging (HRA2; Heidel-
berg Engineering), and OCT-angiography (Avanti;
Optovue, Fremont, CA) at baseline. Anticoagulant
and/or antiplatelet therapy was systematically adminis-
tered during the initial checkup. The BCVA and SD-
OCT measurements were performed at each checkup.
Spectral-domain optical coherence tomography images
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included 30° horizontal regular and enhanced depth
scans through the fovea and 15 raster scans covering
a 20° · 15° oblong rectangle.
Subretinal hemorrhage in the fovea centralis was

detected based on fundus photography and SD-OCT.
Spectral-domain OCT images were reviewed to dif-
ferentiate between hemorrhagic pigment epithelial
detachment (PED). Choroidal thickness was measured
using enhanced depth imaging scans as the length
between the outer border of the Bruch membrane and
the chorioscleral interface. Pigment epithelial detach-
ment height was defined as the distance between the
outer border of the retinal pigment epithelium and the
inner border of Bruch membrane, and the maximum
PED height on the raster scans was recorded. The
presence of foveal external limiting membrane (ELM),
ellipsoid zone, and vitreoretinal adhesion was evalu-
ated on vertical and raster scans.
Disease type was determined based on angiography,

SD-OCT, OCT-angiography, and fundus photography.
Fundus angiography was performed before or imme-
diately after the start of treatment unless the patient
experienced an allergy to the contrast agent or other
systemic risk. We assessed the presence of polypoidal
lesions on indocyanine green angiography at baseline
in each case. A diagnosis of aneurysmal Type 1
neovascularization (also known as polypoidal choroi-
dal vasculopathy) was made based on the finding of
characteristic polypoidal lesions at the border of the
branching vascular networks. Patients with retinochor-
oidal anastomosis were diagnosed with Type 3 neo-
vascularization (also known as retinal angiomatous
proliferation), whereas the other patients were diag-
nosed with Type 1 and Type 2 MNV.
Additionally, two graders (Y.H. and E.M), blinded

to the visual outcome, performed these measurements
and grading. The average of the measurements was
used for the analysis, and the discrepancy in grading
was arbitrated with discussion.

Main Outcome Measure

The main outcome measure was the incidence of
more than three lines of vision loss compared with the
previous examination. Best-corrected visual acuity
was measured using Landolt C and converted to the
logarithm of the minimum angle of resolution (log-
MAR) to perform statistical analysis. A decrease of
.0.3 units was defined as .3 lines of vision loss.

Statistical Analysis

Values are presented as median and quartile
ranges. All statistical analyses were performed using
Easy R,15 which is a modified version of R com-

mander for statistical functions frequently used in
biostatistics. Stepwise logistic regression analysis
was performed using age, sex, baseline BCVA, pres-
ence of a polypoidal lesion, presence of Type 3
lesion, presence of a subretinal hemorrhage, central
retinal thickness (CRT), maximum PED height, cho-
roidal thickness, ELM status, ellipsoid zone status,
vitreoretinal adhesion, anticoagulant therapy as inde-
pendent factors, and loss of vision as dependent fac-
tors. A Kaplan–Meier curve was created to
understand time-to-event scenarios. Statistical signif-
icance was set at P , 0.05.

Results

Overall, 155 eyes from 155 patients were diagnosed
with nAMD, and anti-VEGF induction was started
between 2013 and 2016. According to the criteria, 1,
9, 11, and 58 eyes were excluded because of age,
previous treatment, other diseases or surgery, and
terminated observation within 4 years, respectively. Of
the 58 eyes that terminated observation, 28 stopped
treatment without recurrence, 4 stopped treatment
because of lack of or insufficient effect, 7 were
transferred to another hospital for therapy, and 19
dropped out for unknown reasons. Finally, 76 eyes
were included in the analysis. Fifty-nine of the 76 eyes
continued anti-VEGF treatments for 4 years, and 17
eyes stopped treatment and continued coming for
checkups (Figure 1). Among the 17 eyes, 12 eyes
stopped treatment without recurrence, 4 eyes stopped
treatment because of insufficient effect, and 1 eye
refused to continue treatment.
Table 1 shows the demographic characteristics of

the study population. This study included 52 men
and 24 women. Fifty-five eyes had Type 1 MNV (42
of 55 had aneurysmal Type 1 MNV), 16 eyes had
Type 2 MNV, and 5 eyes had Type 3 MNV. The
median age was 71.0 years (quartile range: 65.0–
79.3 years), and the median number of injections
was 20.0 (13.0–28.3).
Acute vision loss occurred in 30 eyes (39.5%) at a

median follow-up period of 11.5 months (4.0–22.6
months) after the initial treatment. The median period
from the last injection to the occurrence of vision loss
was 52 days (31–66 days), with no difference between
aflibercept and ranibizumab (P = 0.838). The eyes
with vision loss included 20 eyes with Type 1 MNV
(36.4% of eyes with Type 1 MNV), 6 eyes with Type
2 MNV (37.5% of eyes with Type 2 MNV), and 4 eyes
with Type 3 MNV (80.0% of eyes with Type 3 MNV).
Although there were 22 eyes with multiple vision loss
events during the 4-year observation period, only the

890 RETINA, THE JOURNAL OF RETINAL AND VITREOUS DISEASES � 2023 � VOLUME 43 � NUMBER 6

Copyright © by Ophthalmic Communications Society, Inc. Unauthorized reproduction of this article is prohibited.

D
ow

nloaded from
 http://journals.lw

w
.com

/retinajournal by 3X
vZ

oI68w
pkpurjW

IX
oboeIze1W

iO
bzeG

ru6hK
gsV

qK
il08K

rD
crLZ

joaJV
S

fQ
D

K
B

G
2kbw

6M
9JjN

S
U

11czF
U

N
X

+
u0V

m
/pktX

Q
+

M
G

tG
2Y

/jD
m

B
gI8D

X
V

R
lY

Y
aaY

7V
Q

hdC
kxm

z5/ox5K
g=

 on
06/06/2023



first event was analyzed in this study. The presumed
cause for visual decline was an increase/development
of subretinal fluid (4 eyes, 13.3%), increase/develop-
ment of subretinal hemorrhage (4 eyes, 13.3%), an
increase in macular edema (3 eyes, 10.0%), develop-
ment of macular atrophy (3 eyes, 10.0%), formation of
a fibrotic scar (3 eyes, 10.0%), formation of retinal
pigment epithelium tears (3 eyes, 10.0%), and an

increase/development of subretinal hyperreflective
materials (SHRM; 2 eyes, 6.7%). Furthermore, 4 eyes
(13.3%) developed cataracts, underwent cataract sur-
gery, and experienced an improved vision. The pro-
gression of cataracts was determined to be the cause of
vision loss in four eyes, and vision was improved by
cataract surgery. One eye (3.3%) developed severe
retinal schisis because of progressive traction, and no

Fig. 1. Flowchart of screening
process in the present study. We
screened 155 patients with ne-
ovascular age-related macular
degeneration, and 79 eyes were
excluded according to the cri-
teria. Finally, 76 eyes were used
for analysis.

Table 1. Baseline Characteristics and Changes in BCVA of Patients With AMD Treated With anti-VEGF Drugs

Total

Type 1

Type 2 Type 3 (RAP)Without Polyp With Polyp (PCV)

No. of eyes 76 13 42 16 5
Age, years 71.0 (65.0–79.3) 72.0 (68.0–81.0) 68.0 (64.0–77.0) 74.5 (67.8–80.3) 77.0 (70.0–79.0)
Sex (male/
female)

52/24 7/6 32/10 10/6 3/2

BCVA first,
logMAR

0.52 (0.22–0.73) 0.52 (0.30–0.70) 0.46 (0.22–0.82) 0.52 (0.40–0.77) 0.52 (0.52–0.70)

BCVA max,
logMAR

0.05 (20.02–0.24) 0.15 (0.05–0.22) 0.00 (20.08–0.25) 0.12 (0.00–0.15) 0.40 (0.10–0.40)

BCVA 4Y,
logMAR

0.22 (0.05–0.40) 0.30 (0.30–0.40) 0.12 (0.00–0.40) 0.30 (0.20–0.30) 0.52 (0.40–0.52)

CRT, mm 378.5 (261.8–471.3) 354.0 (258.0–443.0) 312.5 (231.0–435.0) 427.0 (315.8–496.5) 512.0 (455.0–640.0)
Maximum
PED, mm

230.5 (159.0–420.3) 236.0 (165.0–321.0) 362.0 (191.8–494.3) 150.5 (118.8–187.8) 221.0 (156.0–424.0)

Choroidal
thickness,
mm

231.0 (191.0–285.3) 223.0 (201.0–277.0) 238.0 (208.0–308.8) 238.5 (178.0–287.3) 208.0 (121.0–220.0)

Number of
injections

20.0 (13.0–28.3) 20.0 (19.0–30.0) 20.5 (12.0–29.8) 20.0 (16.8–26.3) 13.0 (13.0–27.0)

Initial drug
(aflibercept/
ranibizumab)

54/22 10/3 36/6 8/8 0/5

Switch to
another drug

6/11 2/3 4/3 0/4 0/1

Continuous values are shown as median and quartile ranges.
PCV, polypoidal choroidal vasculopathy; RAP, retinal angiomatous proliferation; BCVA first, best-corrected visual acuity at baseline;

BCVA 4Y, best-corrected visual acuity at 4 years; BCVA max, maximum best-corrected visual acuity over 4 years.
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treatment was administered. No apparent cause was
identified in 3 eyes (10.0%). Of the 30 eyes with
vision loss, only 1 eye developed vision loss after
cessation of treatment, which was unrelated to AMD
exacerbation. Figure 2 shows the representative cases.
No baseline characteristics were associated with a

specific cause of vision loss, and anticoagulant use
was not associated with the risk of subretinal
hemorrhage-related vision loss. Vision loss because
of any reason may occur at any time; however, retinal
pigment epithelium tear tends to occur in the early
phase; in this study, all retinal pigment epithelium
tear-associated vision loss occurred in the first year.

Table 2 shows the comparisons of eyes with and
without vision loss. Patients with vision loss had lower
baseline BCVA, larger CRT, more frequent disruption
of the ELM, and an ellipsoid zone. Logistic regression
analysis identified lower baseline BCVA and disrupted
ellipsoid zone as factors contributing to the incidence
of vision loss. Odds ratios were 1.24 (95% confidence
interval 1.06 to 1.46, P = 0.007) for a 0.1 logarithm of
the minimum angle of resolution unit increase in
BCVA and 6.28 (95% confidence interval 1.25–31.5,
P = 0.025) for a disrupted ellipsoid zone.
Figure 3A shows the Kaplan–Meier survival curve.

The survival rate (not losing 3 lines of vision) at 4

Fig. 2. Color fundus photography and optical coherence tomography images of representative cases with vision loss during the treatment of age-related
macular degeneration. A. A case with BCVA loss from 20/50 to 20/100 because of subretinal fluid. B. A case with BCVA loss from 20/15 to 20/40
because of macular edema. C. A case with BCVA loss from 20/20 to 20/40 because of subretinal hemorrhage. D. A case with BCVA loss from 20/20 to
20/40 because of subretinal hyperreflective materials. E. A case with BCVA loss from 20/50 to 20/100 because of macular atrophy. F. A case with
BCVA loss from 20/100 to 20/200 because of fibrotic scar.

Table 2. Baseline Characteristics and Changes in BCVA of Patients With AMD Who Experienced Acute Vision Loss and
Who Did Not

No Vision Loss (n = 46) With Vision Loss (n = 30) P

Age, years 68.0 (64.3–77.8) 76.0 (66.5–81.8) 0.063
Sex (male/female) 31/15 21/9 1.000
Subtype (Type 1/2/3) 35/10/1 20/6/4 0.216
BCVA first, logMAR 0.40 (0.15–0.70) 0.70 (0.52–1.05) ,0.001
BCVA max, logMAR 0.00 (20.08–0.05) 0.30 (0.15–0.40) ,0.001
BCVA 4Y, logMAR 0.10 (0.00–0.30) 0.46 (0.30–0.82) ,0.001
Central retinal thickness, mm 341.0 (256.5–411.5) 441.0 (276.8–513.5) 0.031
Maximum PED, mm 223.0 (136.0–377.0) 241.5 (184.8–462.8) 0.088
Choroidal thickness, mm 241.0 (211.5–286.0) 215.5 (138.5–282.3) 0.101
Subretinal hemorrhage 22 (47.8%) 16 (53.3%) 0.815
Disrupted foveal ELM 17 (37.0%) 20 (66.7%) 0.018
Disrupted foveal ellipsoid zone 26 (56.5%) 28 (93.3%) 0.001
Vitreoretinal detachment 40 (87.0%) 26 (86.7%) 1.000
Use of anticoagulant 6 (13.0%) 6 (20.0%) 0.524
Number of injections 21.0 (15.5–29.8) 18.5 (10.3–26.8) 0.159

Continuous values are shown as median and quartile ranges.
BCVA first, best-corrected visual acuity at baseline; BCVA 4Y, best-corrected visual acuity at 4 years; BCVA max, maximum best-

corrected visual acuity during 4 years.
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years was 60.5%. Fifteen of the 30 patients with vision
loss experienced an event during the first year. For
additional analysis, the Kaplan–Meier survival curves
for eyes with and without BCVA .0.5 logarithm of
the minimum angle of resolution (the value was arbi-
trarily determined from the median BCVA of 0.52) are
shown in Figure 3B, with and without CRT .400 mm
(the value was arbitrarily determined from the median
CRT of 368 mm) are shown in Figure 3C, and with
and without disruption in the ELM and ellipsoid zone
are shown in Figure 3, D and E. Eyes with lower
baseline BCVA (P , 0.001, log-rank test), eyes with
higher CRT (P = 0.004), eyes with disrupted ELM (P
= 0.008), and eyes with disrupted ellipsoid zones (P ,
0.001) had lower survival.
Subsequently, we investigated the clinical course of

vision loss. Permanent vision loss (i.e., no return to the
level before the vision loss event) was noted in 4 eyes
among the 30 eyes that experienced vision loss.
Table 3 presents a comparison of eyes with temporary
and permanent vision loss. The eyes with permanent
vision loss were in older patients (P = 0.030). The time
to permanent vision loss was evenly distributed over
the observation period, and no characteristic cause

could be found. All vision loss events unrelated to
MNV or of unknown cause were temporary and recov-
ered to a pre-vision loss event.

Discussion

Incidence of Vision Loss in One and Four Years

This study focused on the incidence of three or more
lines of acute vision loss during long-term anti-VEGF
drug treatment. During the 4-year follow-up, 39.5% of
patients with AMD experienced one or more episodes
of acute vision loss. Particularly, 60.5% of the patients
did not experience acute vision loss. Notably, half of
the vision loss (19.7% of all patients) occurred in the
first year, indicating the importance of the initial
treatment. The 19.7% incidence of vision loss in the
first year was slightly higher than the 13.9% reported
in the MARINA and ANCHOR studies12 and 8.2% in
a previous report using aflibercept.14 This may be
because of inclusion bias; patients who were good
responders may have stopped coming for checkups
within those 4 years and were excluded from the anal-
ysis. Patients who experienced acute vision loss had

Fig. 3. Kaplan–Meyer survival curves (i.e., free of vision loss) for patients with age-related macular degeneration treated with anti-VEGF drugs. Vision
loss was defined as more than three lines of vision loss compared with the previous examination. Panel (A) shows that the overall survival rate of 76
patients in 4 years was 60.5%. Patients with poor visual acuity (worse than 0.5 logMAR) showed a lower rate of survival (P , 0.001), Panel (B).
Greater CRT was also associated with a higher incidence of vision loss (P = 0.004), Panel (C). Panels (D and E) show that eyes without an intact
external limiting membrane (P = 0.008) and ellipsoid zone (P , 0.001) are associated with a higher incidence of vision loss.
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lower BCVA at baseline, maximum BCVA during 4
years, and visual acuity at four years than the group
that did not experience vision loss, which is generally
consistent with previous reports.13

Causes of Acute Vision Loss

This study showed various causes of vision loss at
different time intervals. However, a correlation
between specific causes, early or late events, and
patient background was not found. The exception was
a retinal pigment epithelium tear, which developed
only in the first year after the initial treatment, as
previously reported.16–18 Similar to previous reports,
anticoagulant use was not associated with subretinal
hemorrhage-related vision loss.19,20

We considered that we could find preventable vision
loss, such as exacerbation of CME, subretinal fluid,
and hemorrhage because of insufficient injections.
However, in this study, not many vision loss events
were associated with active exacerbation of MNV (13
cases, 43.3% of all vision loss), and all occurred
during the treat-and-extend regimen rather than after
treatment discontinuation. The number of injections
was not associated with loss of vision. It is debatable
whether more intensive drug administration would
have effectively prevented the event; however, it
would be difficult to apply more intensive treatment
for these cases selectively in advance, given the
absence of any predictive factors.
This study also identified a certain number of cases

of unexplained vision loss and AMD-unrelated vision
loss. Considering that studies of MNV essentially

include elderly cohorts, cataract progression should be
considered when interpreting long-term results. Unex-
plained vision loss may also be caused by fluctuations
in examination results because of the patient’s age.
Additionally, all unexplained vision loss was
temporary.

Risk of Acute Vision Loss

Patients with poor baseline BCVA may be expected
to have fewer vision loss events because of floor
effects; however, this study associated poor baseline
BCVA with a risk of acute vision loss. Poor baseline
BCVA indicates higher disease activity, which may
lead to a higher incidence of vision loss.
Morphological analysis revealed an association

between baseline disease activity and a higher inci-
dence of vision loss. Patients with increased CRT,
disrupted ELM, and ellipsoid zone were at a high risk
of vision loss. A recent study showed that variability
in CRT is a predictor of visual outcomes.21 Eyes with
higher CRT at baseline may have a higher magnitude
of CRT variability, which may be the cause of the
association between increased CRT and a higher inci-
dence of vision loss.
The status of the ELM22,23 and ellipsoid zone24,25

has been suggested as a valid indicator of photorecep-
tor integrity in AMD. In this study, the integrity of the
ellipsoid zone was found to be a more important pre-
dictor, probably because the baseline visual acuity was
relatively good. External limiting membrane may be a
better indicator in a cohort with poor baseline vision.
Evaluating both the ELM and ellipsoid zones is gen-
erally recommended in clinical practice.

Table 3. Baseline Characteristics and Changes in BCVA of Patients With AMD Who Experienced Temporary or
Permanent Acute Vision Loss

Temporary Vision Loss (n = 26) Permanent Vision Loss (n = 4) P

Age, years 74.5 (65.3–79.8) 86.0 (80.5–89.0) 0.030
Sex (male/female) 19/7 2/2 0.563
BCVA first, logMAR 0.61 (0.52–1.04) 1.02 (0.88–1.14) 0.241
BCVA max, logMAR 0.26 (0.11–0.40) 0.46 (0.38–0.52) 0.090
BCVA 4Y, logMAR 0.40 (0.24–0.65) 1.50 (0.92–2.00) 0.010
Central retinal thickness, mm 441.0 (276.8–511.8) 497.5 (372.0–591.5) 0.855
Maximum PED, mm 241.5 (186.5–480.8) 274.0 (180.5–384.8) 0.583
Choroidal thickness, mm 207.5 (123.5–282.3) 229.5 (207.5–251.5) 0.692
Subretinal hemorrhage 14 (53.8%) 2 (50.0%) 0.563
Disrupted foveal ELM 18 (69.2%) 2 (50.0%) 0.584
Disrupted foveal ellipsoid zone 25 (96.2%) 3 (75%) 0.253
Vitreoretinal detachment 22 (84.6%) 4 (100%) 1.000
Use of anticoagulant 4 (15.4%) 2 (50.0%) 0.169
Number of injections 18.5 (11.3–27.8) 13.0 (7.0–20.3) 0.210

Continuous values are shown as median and quartile ranges.
BCVA first, best-corrected visual acuity at baseline; BCVA 4Y, best-corrected visual acuity at 4 years; BCVA max, maximum best-

corrected visual acuity during 4 years.
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Temporary Vision Loss and Final Visual Outcome

Four of the 30 patients with acute vision loss
experienced permanent vision loss. Specifically, 90%
of vision loss improved to the pre-vision-loss level
with continuous injection and other treatments such as
cataract surgery at least during one checkup. Particu-
larly, all the vision loss unrelated to MNV and of
unknown cause improved.
Previous studies reported that acute vision loss

increases the frequency of patient dropouts and
cessation.26,27 However, our data suggest that visual
acuity is likely to improve with continued long-term
treatment in most cases. Therefore, encouraging
patients to continue treatment would help their
recovery.
Meanwhile, it should be noted that the occurrence of

vision loss is a risk factor for a worse long-term visual
outcome. Even when vision loss is temporary, these
patients are at a high risk of gradual loss of vision in
the long term. The question of whether we should
apply more intensive treatment for these patients needs
to be investigated in the future.

Strength and Limitation

The strengths of this study were that the patients
were treated with an identical protocol, examined
systematically, and observed over a long period. The
most significant limitation is the retrospective design
and associated selection bias. Larger prospective
studies would provide more detailed information about
the causes and risks of acute vision loss. Most patients
who stopped treatment for whatever reason did not
continue follow-up for 4 years and were excluded
from the study. In addition, the final treatment decision
was at the physician’s discretion. Nevertheless, we
believe that the results represent a typical outcome in
a clinical setting and can be generalized to various
populations.
In conclusion, this study showed that about half of

patients with AMD experience three lines of acute
vision loss within years, despite treatment with
continuous anti-VEGF medications. Poor baseline
visual acuity and disrupted ellipsoid zones are risk
factors for vision loss. Most patients’ vision loss was
recovered temporarily; however, they experienced a
poor visual outcome after 4 years. These results sug-
gest the importance of appropriate treat-and-extend
regimen to avoid acute vision loss and the importance
of continuing treatment and observation, even in the
presence of acute vision loss.

Key Words: acute vision loss, age-related macular
degeneration, anti–vascular endothelial growth factor
treatment, intravitreal aflibercept, intravitreal ranibi-
zumab, long-term follow-up, macular neo-
vascularization, real-world date, treatment-naive
neovascular AMD, treat-and-extend regimen.
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MEDIUM-TERM PERFLUORO-N-OCTANE
AS RESCUE POSTOPERATIVE
TAMPONADE FOR VERY COMPLEX
RETINAL DETACHMENTS

ANATOMICAL AND FUNCTIONAL OUTCOMES

DHANANJAY SHUKLA, MS, MAMS,* ANURADHA DHAWAN, MS,† JAY KALLIATH, MS‡

Purpose: To report the anatomical and functional outcomes of medium-term perfluoro-n-
octane (PFO) tamponade as a rescue procedure in very complex retinal detachments (RDs).

Methods: We reviewed the case records of 35 consecutive patients who underwent
vitrectomy for very complex RDs due to diverse etiologies. The surgical complexity was so
graded because of the intraoperative failure to ascertain complete retinal reattachment;
perfluoro-n-octane was used as rescue tamponade for 2 to 4 weeks. The second
intervention included additional membrane peeling, retinectomy, endophotocoagulation,
and gas/silicone oil tamponade. The minimum follow-up was 3 months after the final
intervention: the primary outcome was retinal reattachment and the secondary outcome
was change in best-corrected visual acuity (BCVA).

Results: The most common presentations were severe trauma with retinal incarceration,
preretinal and subretinal hemorrhage, or chronic/recurrent RDs with anterior proliferative
vitreoretinopathy. Preoperative BCVA was #counting fingers in 31 (88.6%) patients. Com-
plete retinal attachment without any tamponade was achieved in 33 (94.3%) eyes. best-
corrected visual acuity improved in 30 (85.7%) eyes: 16 (45.7%) had BCVA$20/200 and 21
(60%) regained ambulatory vision ($5/200). Two eyes developed keratopathy, and four
needed antiglaucoma medications.

Conclusion: We achieved excellent anatomical outcomes and acceptable functional
outcomes in nearly inoperable RDs with few side effects. Medium-term perfluoro-n-octane
tamponade can be used as a salvage procedure in very complex RDs where intraoperative
reattachment cannot be ensured.

RETINA 43:905–912, 2023

Complex or complicated retinal detachments (RDs)
have been variously defined in the literature as

those associated with proliferative vitreoretinopathy
(PVR), trauma, inflammation, giant retinal tears, and
postsurgical recurrences.1–4 The unifying pathology
in this heterogeneous compilation is PVR. The 5%
to 10% cases of RDs that develop PVR remain a
formidable challenge for vitreoretinal surgeons, not-
withstanding the decades of innovations and
improvements in surgical techniques, equipment,
and adjuvants.1 With progressive resurgeries and
recurrent PVR, the chances of retinal reattachment
and recovery of meaningful vision become
bleaker.3,5 At some point, the surgeon either
declines further intervention5 or takes the chance,
sometimes only to abandon the procedure on the
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operating table in the face of irreparable PVR. Tak-
ing chances in similarly desperate situations may be
worthwhile when the patient is young or one-eyed,
in the hope for ambulatory vision, or at least a globe
salvage. The use of perfluoro-n-octane (PFO, C8F18)
as a short-term or medium-term tamponade in com-
plex RDs has been reported in the literature for close
to two decades.6–12 These reports included detach-
ments complicated by giant retinal tears,8–10

trauma,10 and inferior PVR,7,11 where PFO was pre-
ferred over the conventional tamponade agents to
reduce the recurrence of PVR and RD. Although
both the functional and anatomical outcomes were
good, the complexity of the reported cases was vari-
able and mostly not severe enough to preclude tam-
ponade with silicone oil or gas. This interventional
case series records a senior surgeon’s experience
with very complex detachments where complete ret-
inal reattachment could not be ensured intraopera-
tively, forcing the decision to leave PFO in the eyes
as a rescue tamponade.

Materials and Methods

We reviewed the surgical case records of consecu-
tive patients with complex RDs who underwent
vitreoretinal surgery at a tertiary eye care center
between 2016 and 2022. All the patients were operated
by a single surgeon (D.S.) with 22 years of postfellow-
ship surgical experience. The patients who underwent
postvitrectomy medium-term PFO tamponade (2–4
weeks) and were followed up for at least three months
after the last procedure (silicone oil removal or PFO–
gas exchange) were included in this study. Preopera-
tively, patients were informed about the surgery,
potential risks, benefits, and possible treatment out-
comes and had signed informed consent for the pro-
cedure. To consider for inclusion in this study, a
complex RD was defined as the RD with PVR Grade
C posterior (diffuse/subretinal) or anterior (circumfer-
ential/anterior displacement) in $2 quadrants inferi-
orly 6 superiorly, retinal incarceration or extensive
subretinal hemorrhage in a penetrating/perforating
eyeball trauma, RD with endophthalmitis, or a very
longstanding total RD (.1 year duration) with subre-
tinal strands or sheets. The subset of very complex
RDs where PFO needed to be retained after intraoper-
ative use had the following characteristics that pre-
vented a reliable and complete retinal reattachment
and barricade endophotocoagulation:

1. PVR or subretinal hemorrhage extensive enough
to preclude retinal reattachment on table despite
maximal membrane peeling/retinectomy (Figure 1).

2. Compromised visibility due to anterior segment
trauma (repaired corneoscleral laceration/hazy cor-
nea) hampering membrane peeling/endolaser photo-
coagulation (Figure 2).
3. Inflamed, necrotic midperipheral retina making
endolaser unsafe (RD postendophthalmitis).
Data regarding complete ophthalmologic examina-

tion, including measurement of the best-corrected
visual acuity (BCVA), slit-lamp biomicroscopy, intra-
ocular pressure (IOP) indirect ophthalmoscopy, and
fundus photography/B-scan ultrasonography at the
baseline and at follow-up visits (one, three, six months
after surgery, and every six months thereafter) were
collected. Patients with preexisting glaucoma/macular
degeneration were excluded from this study. This
study complied with the Declaration of Helsinki and
was approved by the institutional ethics committee.

Surgical Procedure

The surgical procedure involved 25G pars plana
vitrectomy, base dissection with scleral depression,
epiretinal and subretinal membrane removal to relieve
traction, and relaxing retinectomies (if needed) to
mobilize the stiff retina. Phacoemulsification or len-
sectomy was performed in phakic eyes to facilitate
anterior membrane peeling and base dissection. Pri-
mary or secondary central posterior capsulotomy was
performed in eyes with an intact posterior capsule after
initial eight cases (vide infra). Perfluoro-n-octane
(C8F18, Auro-Octane, Aurolab, Madurai, India) was
used after initial membrane peeling to stabilize the
posterior retina. Anterior membrane peeling was per-
formed to a possible extent, and relaxing retinotomies
were performed as needed. Intraocular foreign bodies
were removed using intraocular forceps through
enlarged sclerotomy. Perfluoro-n-octane was topped
up until a complete vitreous cavity fill was achieved.
Endophotocoagulation was then performed around the
retinal breaks and into the periphery as far as feasible.
Photocoagulation was deferred over unstable, in-
flamed, or necrotic retinal edge (especially in the eyes
with trauma or endophthalmitis) or when visibility was
compromised because of large corneal opacity/sutured
corneal lacerations or peripheral vitreous exudates.
All surgeries were performed using the Alcon Con-

stellation vitrectomy machine and a wide-angle non-
contact viewing system. Scleral belt-buckle was not used
in any patient, although one previously failed vitrectomy
had concurrent encirclage. Postoperatively, patients were
instructed to maintain a upright (face forward) or supine
head position and to avoid face-down position.
After a period of 2 to 4 weeks, PFO was replaced

with 1,500 centistokes silicone oil or a short-acting
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(sulfur hexafluoride, SF6) or long-acting (perfluoropro-
pane, C3F8) gas. Additional membrane peeling, reti-
notomy, and endophotocoagulation were performed as
required during PFO removal. The nature of post-PFO
tamponade was based on the complexity of RDs and
the extent of additional procedures during PFO
removal. Silicone oil was retained beyond 3 to 6
months in the eyes with a high risk for redetachment
(e.g., persistently stiff, elevated edge of the retinec-
tomy under oil) or which had poor prognosis for visual
gain with further surgeries.
The primary outcome was retinal reattachment

without any tamponade at the end of the follow-up
period. The secondary outcomes included change in
BCVA, the number of operations required for com-
plete retinal reattachment, nature of tamponade (sili-
cone oil/gas), secondary glaucoma, keratopathy, or
other postoperative complications. Besides the pres-
ence of RDs, retention of silicone oil in the eye at the
conclusion of this study was also considered as
anatomical failure.
Snellen BCVA was converted to a logarithm of

minimum angle of resolution (logMAR) for statistical
analysis. We used the decimal equivalent of 0.013 for a

visual acuity of finger counting and 0.005 for hand
motions. The logarithm of minimum angle of resolution
values of 2.8 and 2.9 were assigned to light perception
and no light perception (NLP), respectively. The com-
parison of preoperative and postoperative best-corrected
logMAR Snellen visual acuity was performed using the
Wilcoxon signed-rank test. Statistical analysis was
performed using IBM SPSS Statistics 28.0.0 software.

Results

Two hundred and twenty-seven complex retinal
detachments with a wide range of etiologies were
operated by a single experienced surgeon at a tertiary
eye care center over a 6-year period (January 2016–
February 2022). A complete intraoperative retinal re-
attachment could not be ascertained in 35 eyes (35
patients), forcing the choice of leaving PFO in the eye
as continued postoperative tamponade. Of the 35
patients included in this study, 22 were male, age
ranged from 6 to 65 years (mean 30.9 years, median
27 years). The baseline characteristics of the patients
are presented in Table 1. Baseline visual acuity was

Fig. 1. This policeman suffered a blast injury in the right eye with a giant chorioretinal laceration and rupture temporally (A), the adjoining retina was
detached and stiff, with subretinal fibrosis, as shown in B-scan ultrasonography (B). During vitrectomy, the reattached retina was stabilized under
perfluoro-n-octane since the stiff, elevated edges could not be barricaded. Perfluoro-n-octane was exchanged with sulfur hexafluoride gas (SF6, 25%)
after 17 days, and the triamcinolone residues are visible a month after PFO–gas exchange (C). The retina remained attached with a recovery of best-
corrected visual acuity of 20/400, 11 months after the last intervention (D).
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counting fingers or worse in 31 (88.6%) patients. Six
patients were one-eyed with BCVA of hand motions–
NLP in their other eye.
Morphologic characteristics of very complex RDs in

the study eyes included inferior/inferolateral giant
retinal tear (four eyes), retinal incarceration (three
eyes), subretinal hemorrhage (five eyes), macular
laceration (one eye), chorioretinal rupture (two eyes),
impacted intraocular foreign body (two eyes), post-
inflammation/necrosis retinal breaks (six eyes), trac-
tional or combined mechanism RD (four eyes), and
choroidal detachment (eight eyes). Three of the five
cases of RDs with endophthalmitis were postcore
vitrectomy, and one was postantibiotic injection. The
overlapping etiologies of these presentations are
summarized in Table 1. The duration of PFO tampo-
nade ranged from 11 to 41 days (mean: 26.1; median:
26 days). In the postoperative period after PFO tam-
ponade, hypopyon with inflammatory membrane was
noted in one eye, high intraocular pressure was noted
in four eyes, and PFO was seen in the anterior cham-
ber in three eyes. All these adverse events were tran-
sient and were medically controlled. Dirty flake-like
inflammatory deposits on posterior capsule and retina
were observed predominantly in the initial 8 cases
with intact posterior capsule. We subsequently started
creating a primary posterior capsulotomy in all cases
requiring cataract extraction or those with intact PC
and did not observe the deposits on the retina or pos-
terior capsule subsequently. There were no other signs
of disproportionate inflammation in any eye.

After PFO removal, silicone oil injection was
performed in 16 eyes and gas injection in 19 eyes
(SF6 in 11 eyes and C3F8 in 8 eyes). Of the 16 eyes with
silicone oil tamponade, three developed recurrent RDs:
one with oil in situ and two after silicone oil removal. In
two eyes, retina was reattached with additional surgery
and repeat silicone oil tamponade. Of the 19 eyes with
gas tamponade, 2 eyes had recurrent retinal detachment
during the follow-up period. Both had received SF6
tamponade. They underwent additional surgery with
silicone oil in one case and C3F8 in another. Both had
attached retina at the final follow-up.
Complete retinal attachment without any tamponade

at the final follow-up was achieved in 33 (94.3%) eyes.
In one eye, retina was attached under oil, which was
considered as anatomical failure; in another eye, the
severely traumatized retina redetached after silicone
oil removal. Both the surgical failures occurred in
younger patients (below the median age of 27 years).
There was no statistically significant difference in the
rate of retinal attachment with silicone oil or gas
tamponade after PFO removal (P = 0.9).
In the last follow-up, two patients (two eyes) had

developed keratopathy and neither had PFO in the
anterior chamber. One eye with visual potential
underwent Descemet’s stripping endothelial kerato-
plasty (DSEK) and improved to BCVA of 20/200,
and the other eye remained at BCVA of hand motions.
IOP was stabilized by antiglaucoma medication in four
patients. Hypotony (IOP#6 mmHg) was noted in four
eyes (12%). Small subretinal PFO bubbles were

Fig. 2. A six-year-old child suffered an extensive globe laceration with a screwdriver. After primary corneal tear repair and cataract extraction, B-scan
ultrasonography revealed a detached retina incarcerated at the macula (A). After media cleared sufficiently under topical and systemic corticosteroids,
vitrectomy was performed, and the incarcerated macular retina was released as much as possible. Perfluoro-n-octane was left in situ to avoid central
relaxing retinectomy. A month later, PFO was replaced with silicone oil after further membrane peeling and barricade endophotocoagulation (B).
Silicone oil was removed after 4 months, and the retina remained attached 37 months after oil removal. The unaffected cornea remained clear despite the
large scar; BCVA remained perception of light (C).
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trapped under paramacular retina in one eye. The final
BCVA ranged from NLP to 20/30; 30 (85.7%) eyes
had improved vision, four retained preoperative vision,
and one eye got worsened. Sixteen (45.7%) eyes re-
gained BCVA $20/200, and 21(60%) had ambulatory
vision ($5/200) (Table 2). Postoperative median log-
MAR Snellen BCVA (1.2; �20/320) was significantly
better than preoperative median logMAR Snellen
BCVA (2.8; �light perception) (P ,0.0001).

Discussion

This retrospective single-surgeon case series focused
on 35 very complex RD surgeries, which required
interim PFO tamponade as a salvage procedure. Most
patients were legally blind in the eye to be operated and
were likely to remain so in view of the residual
detachment or long-term silicone oil tamponade with
attendant complications.5 Medium-term PFO tampo-
nade (extended in six patients because of late review
visits) allowed retinal reattachment in 94% eyes without

any tamponade at the final visit; 17 (48.6%) did not
require any intervention after PFO–gas exchange.
Thirty eyes (85.7%) experienced visual improvement,
and 21 eyes (60%) gained ambulatory vision. To the
best of our knowledge, the role of PFO as a salvage
tamponade for nearly inoperable complex detachments
has not been reported in the literature so far.
Complex vitreoretinal surgeries, especially RDs

with severe trauma or anterior/inferior PVR, with their
high recurrence and failure rates, have long been a
subject of myriad surgical manipulations, including
tamponade with high-viscosity and heavy silicone
oils,13,14 double tamponade (perfluorodecalin + sili-
cone oil),15 and adjuncts such as systemic or intraoc-
ular corticosteroids, anti-VEGF agents, and
immunosuppressants.16 None of these procedures have
shown any superiority to conventional management,
notwithstanding the additional complications and
expenses involved.13,14,16 Universally, surgeons have
most experience with silicone oil or perfluoropropane
gas in such cases, which provide comparable although
unsatisfactory outcomes in complex RDs.13 Further-
more, these modest outcomes have been reported in

Table 2. Final Anatomical and Visual Outcomes

Parameter No. (%)

Attached retina without any tamponade
at the final FU
Total number of eyes 33 (94.3)
Eyes with silicone oil tamponade
post-PFO removal

15 (93.8)*

Eyes with gas tamponade post-PFO
removal

18 (94.7)†

Anatomical failure at final FU
Retina attached under silicone oil 1
Retina detached and inoperable 1
Phthisis 0

Surgeries required post-PFO
tamponade for reattachment at the
final FU
Range 1–4
Mean 1.7
Median 2

Final BCVA
20/30–20/200 16 (45.7)
,20/200–20/1,250 8 (22.8)
CF-LP 10 (28.6)
NLP 1 (2.9)

Change in BCVA (from preoperative to
postoperative status)
Improved 30 (85.7)
Stable 4 (11.4)
Worsened 1 (2.9)

*Success rate in eyes with silicone oil tamponade.
†Success rate in eyes with gas tamponade.
CF, counting fingers; FU, follow-up; LP, light perception; NPL,

no light perception.

Table 1. Baseline Characteristics of Patients and
Etiologies of RDs

Parameter No. (%)

Age (years)
Mean 6 SD 30.9 6 16.06
Median 27
Range 6–65

Sex
Male 22 (62.9)
Female 13 (37.1)

Operated eye
Right 22
Left 13

Follow-up after last intervention
(months)
Mean 6 SD 12.9 6 12.6
Median 7
Range 3–57

Preoperative VA
LP 23 (65.7)
HM–CF 8 (22.9)
20/1,250–20/200 4 (11.4)

Lens status (preoperative)
Phakic 25
Pseudophakic 4
Aphakic 6

Etiology (overlapping groups)
Trauma 10
Endophthalmitis-related 5
Chronic RD/complex treatment-naïve
RD

7

Re-RD postvitrectomy 11
PDR with chronic extensive TRD 2

CF, counting fingers; HM, hand motions; LP, light perception;
PDR, proliferative diabetic retinopathy; TRD, tractional retinal
detachment.
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detachments with a range of complexity, as the defi-
nition of “complex RD” has been a variable in the
literature, including not only advanced inferior and
anterior PVR2,4,7,11,14 but also much simpler cases
than reported in this study, e.g., RD with PVR B-C
and choroidal detachments.17 Unlike this all-inclusive
case series, studies reporting on RDs with inferior
PVR frequently excluded trauma, diabetic detach-
ments, endophthalmitis, and subretinal hemor-
rhage.3,11,14 In very complex cases as included in
this study, most surgeons choose silicone oil as long-
term tamponade (sometimes for years), a Hobson’s
choice in absence of alternatives.5,18 The double
whammy of inferior predilection of PVR and insuffi-
cient inferior retinal tamponade by lighter-than-water
silicone oil predisposes these complex RDs to anatom-
ical failure after oil removal. Indeed, many of the stud-
ies which claimed good anatomical outcomes with
silicone oil labeled oil-filled eyes as anatomical suc-
cess,2,3,5,19 although long-term silicone oil tamponade
served only as a globe salvage procedure. If we apply
the same surgical failure criteria as used in this study
to the aforementioned studies, their success rates
would reduce substantially (e.g., from 70–93% to
�20–50%2,3,19). A recent study reported a surgical
success rate of �75% not including eyes with residual
oil. The better anatomical success was offset by mul-
tiple complications of long-term oil tamponade in
some cases, leaving 75% of the cases legally blind
(BCVA ,20/200).4 Another popular solution to the
inefficiency of silicone oil for inferior PVR is the
placement of an encircling band buckle, which has
been claimed to obtain better single surgery outcomes
in simple (but not complex) RDs,20 although others
dispute this claim.21 In complex detachments, belt
buckle has been reported by some to increase the
surgical failure rates.17 Two recent meta-analyses of
approximately 16,000 eyes (including 8 randomized
clinical trials) reported comparable outcomes with and
without encirclage, sometimes with added complica-
tions of encircling band-like epiretinal membrane,
band migration, strabismus, infection, etc., besides
delayed postoperative recovery.22,23

Perfluoro-n-octane has been listed as a Class IIa
short-acting medical device, meant for only intraoper-
ative application.24 Even with the conventional use,
severe acute toxicity from PFO manufactured in Tur-
key, Germany, and India left 130 patients blind by
necrotizing inflammation, vascular occlusion, and optic
atrophy, attributable to the contaminants in the toxic
batches.25 Even without contaminants, PFO is known
to cause mechanical damage by contact with retina,
cornea, and trabecular meshwork and elicits ocular
inflammatory response, which increases with the dura-

tion of PFO tamponade. The earlier use of PFO was
therefore usually short term, e.g., in giant retinal tears to
reduce the slippage of the tear edge and subsequent
recurrence.9,10 Besides retina, PFO-induced inflamma-
tion has been reported to affect cornea, lens, and tra-
becular meshwork.26–28 However, it is noteworthy that
all these studies date 1 to 2 decades back. A later anal-
ysis of 14 studies reported few serious adverse out-
comes after short-term to medium-term tamponade
(1–3 weeks) besides a reversible macrophage-
mediated inflammatory response on the retina and lens
in close to a third of the cases.29 These flake-like dirty
white deposits (macrophages engulfing PFO droplets)
did not lead to PVR, cleared with corticosteroids after
PFO removal,6,26,29 and can be readily removed if
required. We could circumvent this inflammatory
response by creating a primary posterior capsulotomy
in most cases, probably through drainage of the inflam-
matory mediators through the trabecular meshwork.
The largest published surgical experience on short-

term and medium-term PFO tamponade has come
from Charles et al.6–8 In approximately 400 cases of
PFO tamponade, they reported no irreversible retinal
or corneal injury besides cataract formation (27%
cases) and secondary ocular hypertension (34%);
the inflammatory deposits were the most common
complication, but they were reversible and did not
affect the functional outcomes or reattachment rates;
the latter were close to 90%.6–8 Charles30 summed up
his 2 decade experience of over a 1,000 cases of
medium-term PFO tamponade at the annual meeting
of American Academy of Ophthalmology 2019,
where he confirmed the previously reported excellent
surgical outcomes and rubbished the claims of retinal
or corneal toxicity. Like others,31,32 we concur with
these conclusions on the basis of our experience that
PVR membranes did not progress under PFO in these
very complex detachments, which could be reat-
tached subsequently in .90% of the cases, similar
to the reported success rates by Charles et al, as well
as others. None of the three eyes with PFO droplets in
the anterior chamber developed any keratopathy.
Medically controlled secondary ocular hypertension
persisted in four cases. Hypotony was noted in four
eyes probably due to anterior PVR and need for mul-
tiple surgeries. Hypotony is a reported risk factor for
surgical failure.12 Although visual outcomes were
modest in this case series, in view of the complexity
of the cases, the anatomical outcomes compared with
others’ experience with less complex RDs were
excellent.2–8,12,14,15,17,19,28–30

This series had the shortcomings inherent in a single-
surgeon retrospective noncomparative small case series.
The case selection was heterogenous, although it
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reflected the real-time diversity of complex RDs in
clinical practice. Inability to ensure intraoperative
retinal reattachment was also a subjective criterion;
another surgeon could arguably settle these detach-
ments without PFO tamponade. The experience of a
senior surgeon and review of the literature suggested
the apparent inoperability of the recruited cases; the
detachments of similar complexity have not been
frequently documented, and the outcomes have been
reported as uniformly disappointing (vide supra). The
criteria of case selection for PFO tamponade were as
objective as possible within these limitations. Finally,
we retained PFO in the eyes for a longer time than that
reported by several authors. The rationale for this
extended tamponade was that our cases were far more
complex than reported by the short-term users.28,31,32

Furthermore, the optimum duration for super normal
(300%) chorioretinal adhesion is reported to be about
2 weeks.33 Finally, toxicity has not been clinically
observed by others with similar duration of PFO tam-
ponade.6–8,29

We report encouraging anatomical and functional
outcomes with PFO tamponade in a unique group of
very complex RDs which had a high probability of
ending up with inoperable redetachments or with
prolonged silicone oil tamponade and its attendant
complications. We suggest that medium-term PFO
tamponade is a viable option in detachments with
extensive PVR that cannot be satisfactorily reattached
intraoperatively, especially in young subjects with
severely traumatized or infected eyes.

Key words: perfluoro-n-octane tamponade, com-
plex retinal detachment, proliferative vitreoretinop-
athy, ambulatory vision.
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SUBRETINAL LIPID GLOBULES AN EARLY
BIOMARKER OF MACULAR
NEOVASCULARIZATION IN EYES WITH
INTERMEDIATE AGE-RELATED MACULAR
DEGENERATION

SERENA FRAGIOTTA, PHD,* MARIACRISTINA PARRAVANO, MD,† ELIANA COSTANZO, MD,†
DANIELE DE GERONIMO, MD,† MONICA VARANO, MD,† PEDRO FERNÁNDEZ-AVELLANEDA, MD,‡
K. BAILEY FREUND, MD§¶

Purpose: To explore the association between subretinal lipid globules (SLGs) detected
in eyes with intermediate age-related macular degeneration with the presence of
nonexudative macular neovascularization.

Methods: This was a retrospective analysis of 113 consecutive patients with bilateral
intermediate age-related macular degeneration (226 eyes) followed for a least 6 months. All
eyes underwent multimodal imaging with fundus autofluorescence, spectral-domain optical
coherence tomography, and optical coherence tomography angiography. Subretinal lipid
globules were identified on spectral-domain optical coherence tomography as round
hyporeflective lesions measuring 31 to 157 mm located between the ellipsoid zone and the
retinal pigment epithelium/Bruch membrane complex. Nonexudative macular neovascula-
rization was detected with optical coherence tomography angiography. The features of NE-
MNV lesions detected in eyes with SLGs were compared with those in eyes without SLGs.

Results: Subretinal lipid globules were identified in 15 eyes of which 14 eyes (93.3%)
demonstrated NE-MNV on optical coherence tomography angiography. In the remaining 98
eyes without SLGs, 18 (18.4%) displayed NE-AMD on optical coherence tomography
angiography. The macular neovascularization area was larger in the SLG subgroup (+0.38
vs. +0.21 mm2, P = 0.008) and showed faster horizontal growth (+727 mm, CI 95% 250.4,
1,205.4) than MNV in eyes without SLGs (+64.9 mm, CI 95%, 24.3, 154) on optical coher-
ence tomography B-scans. After a mean of 11.6 months, the conversion rate to exudative
MNV was similar between eyes with SLGs and those without SLGs [8/26 (38.5%) versus 3/
13 (27.3%), P = 0.56)].

Conclusion: The detection of SLGs in eyes with intermediate age-related macular
degeneration was strongly correlated with the presence of NE-MNV. Although these MNV
lesions were larger and grew faster than NE-MNV detected in eyes lacking SLGs, the rates
of conversion to exudative MNV appeared similar.

RETINA 43:913–922, 2023

Subretinal lipid globules (SLGs) were recently
described as an optical coherence tomography

(OCT) biomarker of subretinal exudation. Subretinal
lipid globules are believed to represent small spherical
hyporeflective lipid droplets located between the pho-
toreceptor outer segments and the apical processes of the
retinal pigment epithelium (RPE).1 The OCT features of
SLGs resemble choroidal lipid globules described by
Friedman and Smith on histopathology1,2 as sudano-

philic and osmophilic structures located in the extravas-
cular and extracellular compartments. However, this
feature lacks a direct clinicopathologic comparison
within the same eye. Choroidal lipid globules repre-
sented a common histopathologic finding visible on
both healthy and diseased eyes, often localized in the
anterior choroid close to Bruch membrane.2 Querques
et al3–5 coined the term “choroidal caverns” to describe
the OCT findings of hyporeflective cavities occupying
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areas devoid of vessels or blood flow, as confirmed on
both indocyanine green angiography and OCT angiog-
raphy (OCTA).3 While these authors speculated that
these structures corresponded to nonperfused ghost ves-
sels and stromal pillars, Dolz-Marco et al showed that
the multimodal imaging features of choroidal caverns,
including a characteristic OCT hypertransmission tail,
were more consistent with the choroidal lipid globules
described by Friedman and Smith. These authors also
demonstrated sub-RPE lipid globules to be a common
feature of macular neovascularization (MNV) in eyes
with age-related macular degeneration (AMD).5

The multimodal imaging features and optical pro-
prieties of SLGs were detailed in the context of
neovascular AMD as round hyporeflective lesions
accompanied by a characteristic hypertransmission tail
on OCT B-scans.1 The hypertransmission tail relates
to reduced signal attenuation through oil and a lensing
effect created by a higher refractive index compared
with the surrounding tissue. Subretinal lipid globules
are frequently seen in eyes with type 1 MNV receiving
intravitreal anti–vascular endothelial growth factor
therapy, suggesting a likely connection with exudation
from neovascular tissues.1 In this study, we explored
the presence of SLGs as a potential biomarker for
identifying subclinical or nonexudative macular neo-
vascularization (NE-MNV) in eyes with intermediate
AMD. The associations of SLGs with NE-MNV lesion
morphology, growth, and conversion to exudative
MNV were investigated.

Material and Methods

A total of 113 patients with intermediate AMD
according to the Beckman classification6 and a
minimum follow-up of 6 months were retrospec-

tively evaluated. Patients were consecutively
enrolled at IRCCS-Bietti Foundation after the
approval of the Institutional Review Board commit-
tee. This study adhered to the tenets of the Decla-
ration of Helsinki.
Patients were considered eligible if they presented

complete medical and demographic records and
multimodal imaging, including fundus autofluores-
cence (FAF), spectral-domain optical coherence
tomography, and OCTA with either Heidelberg
Spectralis OCT (HRA + optical coherence tomogra-
phy, Heidelberg Engineering, Heidelberg, Germany)
or PLEX Elite 9000 (Carl Zeiss Meditec, Inc, Dublin,
CA). Exclusion criteria were severe ocular media
opacities interfering with the imaging acquisition at
any follow-up point, axial length . 26 mm, or refrac-
tive error .6 diopters, complete RPE and outer reti-
nal atrophy according to the CAM criteria,7 the
presence of other ophthalmic pathologies, and poor-
quality images (signal strength index, SSI ,8 for
PLEX Elite, and a signal-to-noise ratio ,25 dB for
Spectralis OCTA), or motion artifacts. The eye with
the highest image quality on cross-sectional and lon-
gitudinal evaluations was selected when both eyes
were potentially eligible.

Multimodal Imaging

All patients underwent spectral-domain optical
coherence tomography examination (Heidelberg
Spectralis software, version 1.10.2.0) using a mini-
mum scanning protocol of 20 · 20-degree rectangle
centered on the fovea and 25 B-scans (�235 mm of
spacing). However, a 49 B-scan (�125 mm of spac-
ing) pattern was preferred in most cases when avail-
able. The baseline scan was set as a reference for
repeated OCT examinations, acquiring all the subse-
quent scans using a “follow-up” mode to ensure
reproducibility. For Spectralis OCTA, acquisition
protocols included 3 · 3-mm or 6 · 6-mm volume
cubes using the fully automated segmentation algo-
rithms avascular complex and choriocapillaris. The
boundaries were manually adjusted to maximize the
visualization of the neovascular lesion if needed.
Fundus autofluorescence was acquired during the
same session through either Spectralis HRA + OCT
(488 nm excitation, barrier filter transmitted light
from 500 to 680 nm, 30° · 30°) or Topcon TRC-
50DX (535–585 nm excitation, 615–715 barrier fil-
ter). Fluorescein and/or indocyanine green angiogra-
phy were performed to confirm MNV activation or
subtype if needed.
Swept-source OCTA using the PLEX Elite 9000

(software version 1.7.027959) was acquired with
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3-mm and 6-mm volume cubes using active eye
tracking, and projection artifact removal was
enabled during image analysis. Automated segmen-
tation of the RPE and RPE-fit approximating Bruch
membrane were used as the upper and lower
boundaries, respectively, to create the en face
OCTA projections used to visualize Type 1
MNV.8 All the patients analyzed were imaged with
OCT and OCTA using the Spectralis, and then sub-
sequently with PLEX Elite, for confirmation, when
a MNV flow signal was detected with the Spectralis.
Two experienced examiners (S.F. and E.C.) manu-
ally corrected segmentation errors when present.

Subretinal Lipid Globule Characterization and
Image Analysis
Diagnostic criteria for SLGs included round hypo-

reflective structures with diameters ranging from 31 to
157 mm and a characteristic hypertransmission tail on
OCT B-scans. These structures were located between
the ellipsoid zone and the RPE/Bruch membrane com-
plex. The integrity of RPE was verified through a
multimodal imaging approach using color fundus pho-
tograph, near-infrared reflectance, FAF, and serial
OCT B-scans. With structural en face OCT, SLGs
appeared hyporeflective with the segmentation of the
subretinal compartment. Segmentation of the choroid

Fig. 1. Imaging features of subretinal lipid globules. A. Spectral-domain optical coherence tomography B-scans showing SLGs as round hyporeflective
structures (yellow arrowhead, inset) with a characteristic hypertransmission tail. B. Swept-source OCT angiography (OCTA, PLEX elite 9000) slab
segmented using RPE–RPE fit automatic segmentation demonstrated a Type 1 MNV lesion (better seen on magnification, inset). C. Structural OCT slab
obtained with a customized segmentation (RPE fit, top: 257, bottom: 6) passing through the SLGs shows round hyporeflective lesions (yellow circles).
D. Structural customized OCT slab (RPE fit, top: 30, bottom: 100) captures the projection tails of SLGs as round areas of hyperreflectivity within the
choroid (yellow circles). On magnification, the corresponding B-scan lesions are isolated in C.
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below the SLGs helped identify their characteristic
hyperreflective projection tails (Figure 1).1

After SLGs were identified, two expert graders (S.F.
and E.C.) reviewed the OCTA volumes of the entire
intermediate age-related macular degeneration
(iAMD) cohort for the presence of NE-MNV at any
time point. In the case of disparate gradings, a third
senior retinal specialist (M.P.) was consulted. The
characteristics of NE-MNV lesions were analyzed at
baseline and longitudinally to identify potential find-
ings correlating with the presence or absence of SLGs.
The greatest linear diameters (vertical and horizontal)
on the fibrovascular pigment epithelium detachment of
interest were measured using the digital calipers
provided by the Spectralis review software. The
graders also assessed the OCT B-scans for the
presence of a double-layer sign (DLS) defined as
two hyperreflective bands separated by a narrow
hyporeflective space. The two reflective layers com-
prised the RPE-basal lamina complex and the Bruch
membrane.9 The MNV area on en face OCTA was
manually traced using caliper tools provided by both
SD and swept-source OCTA review software. Patients
with NE-MNV and SLGs were matched 1:1 for age,
sex, follow-up time, and image quality with controls
consisting of NE-MNV patients without SLGs to
account for the differences and homogenize the com-
parisons between groups for the main characteristics.
Exudative changes due to MNV were defined by the

presence of subretinal fluid, intraretinal fluid, hemor-
rhage, hyperreflective exudation, or active leakage on
dye angiography when these features were judged to
be secondary to the MNV lesion.10

Statistical Analysis

Quantitative data were reported as mean 6 SD or
median (interquartile range, IQR) after verifying the
distribution of normality through Shapiro–Wilk test.
Categorical variables were analyzed using the Pearson

chi-square test or Fisher exact test. The paired t-test
was used to calculate differences within the same pop-
ulation at two different time points while the unpaired
t-test was performed to assess the differences between
groups at a given time point (Shapiro–Wilk, P .
0.05). The Wilcoxon signed-rank test (also known as
the Mann–Whitney U test) was used as a non-
parametric test (Shapiro–Wilk, P , 0.05). The prev-
alence of NE-MNV was adjusted using the data from
the existing literature, considering only the largest
observational studies (.50 cases) available. The esti-
mated average prevalence was 13.9% (CI 95%: 9.56,
18.3).11–15 The McNemar test was used to compare the
discordance between the dichotomous response in de-
tecting NE-MNV when observing SLGs and DLS.
Statistical significance was set at P , 0.05. All calcu-
lations were carried out using SPSS statistical software
(version 25; SPSS, Inc., Chicago, IL). To further
understand the diagnostic performance for the bio-
markers considered, the package cutpointr, version
1.1.2, was used in RStudio 2022.07.1. Youden’s index
was calculated to evaluate the overall discriminative
power of either SLG or DLS biomarkers. The index
ranges between 0 and 1, representing perfect diagnos-
tic accuracy by 1 [Youden16’s index= (sensitivity +
specificity)-1]. Moreover, a Cox regression model
was used to predict the probability of exudative
MNV based on the presence of SLGs and the
follow-up time.

Results

A total of 15 of 113 iAMD eyes exhibited SLGs
with a prevalence of 13.3%. Among the 15 eyes with
SLGs, OCTA detected NE-MNV in 14 of 15 (93.3%)
eyes, while in the remaining eyes without SLGs,
OCTA detected NE-MNV in only 18 of 98 (18.4%)
eyes.
Sensitivity, specificity, positive predictive value

(PPV), negative predictive value, and Youden’s index
for SLGs and DLS are summarized in Table 1. PPV
and negative predictive value included in the table
were calculated using the adjusted prevalence of
13.9%. The accuracy of the SLG signature was
91.3%. The NE-MNV prevalence calculated in our
sample was higher (28.3%, CI 95%: 0.19, 0.36), mod-
ifying the PPV and negative predictive value to 94.4%
and 81.9%, respectively, and the accuracy to 83.5%.
Overall, 36 of 113 eyes presented a DLS (31.8%), of

which 27 eyes (75%) exhibited NE-MNV on OCTA.
The sensitivity and specificity for DLS were 84.4%
and 88.9%, respectively, with a PPV of 55.4% and
negative predictive value of 97.2%, considering the

Table 1. Demographic of the Overall Population and the
Association of Subretinal Lipid Globules and Double-

Layer Sign With the Diagnosis of Nonexudative Macular
Neovascularization

Overall iAMD Population (n = 113)

Age 71.2 6 8.9
Sex, F 76/113 (67.3)

SLGs DLS
Sensitivity 43.7% 84.4%
Specificity 98.8% 88.9%
PPV 87.5% 55.4%
NPV 91.6% 97.2%
Youden’s index 0.42 0.73
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adjusted prevalence. The accuracy for DLS was
88.3%. The PPV and negative predictive value
changed to 74.7% and 93.6%, respectively, when
using the study prevalence, while the accuracy was
87.6%. The proportion of patients classified as having
MNV was significantly different when observing
SLGs and DLS (P , 0.001) despite the association
between these two signatures (McNemar test, P ,
0.001).

Clinical Characteristics of NE-MNV Associated
With Subretinal Lipid Globules

In the SLG subgroup, one eye (1/15, 6.66%) was
excluded from further analysis because the MNV
lesion extended beyond the borders of the OCTA
slabs, limiting the ability to measure and trace the
lesion boundaries. The control group consisted of 13
age-matched and sex-matched NE-MNV eyes without
SLGs fulfilling the inclusion criteria. The main

demographic and clinical characteristics of the two
cohorts are summarized in Table 2. Eyes with SLGs
exhibited a higher prevalence of drusen combined with
subretinal drusenoid deposits compared with the con-
trol group (53.8% vs. 7.7%, P = 0.01). Morphologic
features of the NE-MNV lesions associated with SLGs
are reported in Table 3. The fibrovascular pigment
epithelium detachments associated with SLGs were
larger (+563 mm, CI 95%: 29.6, 1,097.7) compared
with the control group while the pigment epithelium
detachment height, although numerically greater in
eyes with SLGs, did not reach statistical significance.
The MNV area measured on OCTA slabs was similar
between groups at baseline.
Interestingly, as shown in Table 3, choroidal

thickness was thinner in the SLG group both beneath
the MNV lesion (274.7 mm) and at the fovea
(284.1 mm).

Longitudinal Evaluation of the NE-MNV

The median follow-up time for each subgroup is
reported in Table 2. On OCT B-scans, lateral growth
of NE-MNV lesions associated with SLGs was greater
(+727 mm, CI 95%, 250.4, 1,205.4, P = 0.001) than
that seen in the control group (+64.9 mm, CI 95%,
24.3, 154). Similarly, the OCTA area measurements
of NE-MNV in SLG eyes (+0.38 mm2, CI 95%, 0.006,
0.73) were nearly twice that of controls (+0.20 mm2,
CI 95%, 0.28, 0.69, P = 0.008) (Figure 2). The NE-
MNV lesions in the control group remained stable in
horizontal (P = 0.14) and vertical (P = 0.15) growth
and neovascular area expansion on OCTA (P = 0.72)
(Figure 3). Table 3 summarizes morphologic charac-
teristics at the last follow-up before exudative
conversion.
After a mean of 11.6 months, 8 of 26 eyes converted

exudative MNV, of which 5 of 13 eyes (38.5%, three
eyes developed Type 1 MNV and two eyes developed

Table 2. Demographic and Clinical Characteristics in
Eyes With Nonexudative Macular Neovascularization

With Subretinal Lipid Globules (SLGs) or Without SLGs
(Controls)

SLGs Controls P

Age 73.9 6 7.4 72.1 6 6.8 0.61
Sex, F 9/13

(69.2%)
6/13

(46.2%)
0.23

Follow-up time
(months)

14 (13) 9 (15) 0.77*

Drusen phenotypes 0.01
Drusen 6/13

(46.2%)
1/13

(92.3%)
Drusen + SDD 7/13

(53.8%)
12/13
(7.7%)

F: female. The control group consisted of eyes with nonexu-
dative macular neovascularization in the absence of SLGs.*For
the Shapiro–Wilk test, P-value,0.05, and the Wilcoxon signed-
rank test was used as a nonparametric test. Values are reported
as median (IQR) if not normally distributed.

Table 3. Morphometric Characteristics of the Nonexudative Macular Neovascularization in Eyes With Subretinal Lipid
Globules (SLGs) and Controls

Baseline Last Follow-Up

SLGs Control P SLGs Control P

PEDw 1,454 6 795 775.1 6 505.3 0.01* 2,131.4 6 1,133.8 858.4 6 674.3 0.007*
PEDh 86 6 27.9 56 6 29.8 0.21 105 6 77.9 54.7 6 39.5 0.07*
CTles 140 6 47.8 231 6 101 0.03 130 6 41 226.6 6 98.1 0.06
SfCT 163.4 6 62.1 260 6 95.3 0.01 136.4 6 57.3 230.4 6 90.9 0.05
CMT 273 6 26.8 282.6 6 17.4 0.72 274 6 40.6 287.4 6 36.9 0.44
MNVa 0.48 6 0.34 0.53 6 0.96 0.17* 0.89 6 0.71 0.89 6 1.87 0.05*

CMT, central macular thickness; CTles, choroidal thickness calculated below the MNV; MNVa, area of macular neovascularization
(mm2); PED, pigment epithelium detachment; PEDw, PED width; PEDh, PED height; SfCT, subfoveal CT. The control group consisted of
eyes with nonexudative MNV in the absence of SLGs.*For the Shapiro–Wilk test, P-value,0.05, and the Wilcoxon signed-rank test was
used as a nonparametric test.
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Type 3 MNV) (Figure 4) in the SLG group and 3 of 13
(27.3%, Type 1 MNV) eyes in the control group, with
no significant differences in the rate of conversion
between groups (P = 0.40). The Cox regression model
confirmed a nonsignificant rate of conversion into exu-
dative MNV in the presence of SLGs (HR: 1.45, 95%
CI, 0.35, 6.1, P = 0.61).

Duration of SLGs Over Time, Integrity of Overlying
RPE Before and After Their Disappearance

Multiple SLGs were found in 9 of 13 eyes (69.2%),
demonstrating a transitory and intermittent nature in
all the cases examined. The integrity of RPE on OCT
B-scans and FAF was confirmed in 10 of 13 eyes
(76.9%) at baseline and after SLG disappearance. In
the remaining 3 cases, 1 of 3 eyes presented iRORA
and 2 of 3 of the eyes demonstrated a poor discernible
RPE band on OCT with hypoautofluorescence on FAF
at the last follow-up.

Discussion

This study investigated the clinical significance and
prognostic implications of SLGs in eyes with iAMD.
Multimodal retinal imaging was important in identi-
fying these small structures that can be misinterpreted
as other hyporeflective subretinal features, including
subretinal fluid, outer retinal tubulation, and calcific
nodules.1,17–19 The frequency of SLGs in eyes with
iAMD is likely underestimated, given a rather high
prevalence of 13.3% in our cohort. Other factors that
may contribute to an underestimation of SLGs in ret-
rospective study designs include their transient nature
and small size requiring dense OCT raster patterns to
detect their presence.
In our study, a characteristic hypertransmission tail

was an important criterion for identifying SLGs.1,5

This OCT finding relates to the optical properties of
these clear spherical structures acting as small lenses
rather than choroidal hypertransmission due to

Fig. 2. Progression of Type 1 nonexudative macular neovascularization associated with subretinal lipid globules. A. Near-infrared reflectance. B.
Spectral-domain optical coherence tomography B-scan passing through the NE-MNV lesion and showing multiple SLGs at the border of the lesion
(yellow arrowheads). Serial swept-source OCT angiography (OCTA, PLEX elite 9000) slabs were obtained at baseline (C), 4 months (D), and 15
months of follow-up (E). The neovascular lesion is segmented using an RPE–RPE fit automatic segmentation.
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macular atrophy that is related to RPE and photore-
ceptor disruption.7,20,21 Unlike persistent choroidal
hypertransmission defects seen with macular atrophy,
hypertransmission related to SLGs is transient and
not associated with underlying RPE loss or perma-
nent disruption of the photoreceptor ellipsoid zone on
OCT (Figure 5). Similarly, unlike macular atrophy,
SLGs are typically undetectable with FAF and near-
infrared reflectance.
The presence of SLGs allowed the correct identi-

fication of 43.7% of the affected eyes with NE-MNV
and 98.8% of nondiseased eyes. However, the SLG
identification in iAMD eyes gives a probability of
87.5% (PPV) for the presence of a NE-MNV lesion,
assuming the adjusted prevalence of 13.9%. The
same probability was raised to 94.4%, considering
the study prevalence of 28.3%. Most lesions were
Type 1 MNV (85.7%) that were larger and more
likely to show growth than NE-MNV lesions in eyes
without SLGs. Despite SLGs possibly indicating a
low level of subclinical exudation in growing lesions,
we found the conversion rates to exudative MNV for

these lesions to be similar to those of NE-MNV
lesions for which SLGs were not detected. Therefore,
our results did not seem to support a more aggressive
approach about initiating treatment with intravitreal
anti–vascular endothelial growth factor therapy for
these eyes. The presence of SLGs as a potential
biomarker of lesion growth was previously suggested
by their frequent presence near the border of actively
growing MNV lesions.1 In AMD, some Type 1 MNV
lesions may grow slowly while showing minimal
exudation. This occurrence may support the idea of a
potential protective function of some sub-RPE lesions
that develop a “neochoriocapillaris” as a compensa-
tory mechanism to replace a depleted native chorio-
capillaris and sustain overlying RPE and
photoreceptors.22,23 This process may be part of a
physiological reorganization of the neovascular
lesion where the use of anti–vascular endothelial
growth factor may not necessarily have a beneficial
role.
The greater prevalence of subretinal drusenoid

deposits likely represents the reason for a thinner

Fig. 3. Progression of a Type 1 nonexudative macular neovascularization without subretinal lipid globules. A. Near-infrared reflectance. B. Spectral-
domain optical coherence tomography B-scan passing through the NE-MNV lesion and showing a shallow pigment epithelium detachment. Serial
swept-source OCT angiography (OCTA, PLEX elite 9000) slabs were obtained at baseline (C), 6 months (D), and 12 months of follow-up (E). The
neovascular lesion is segmented using an RPE–RPE fit automatic segmentation.
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choroid (Table 3) in the SLGs compared with con-
trols.24 However, other confounders may affect the
choroidal thickness, including age, axial length,
neovascular AMD in the fellow eye, and pigmen-
tary changes. Therefore, the importance of subreti-
nal drusenoid deposits as an independent factor
associated with choroidal thinning has been
questioned.25

The identification of DLS on structural OCT B-
scans has been shown to be a useful biomarker of
nonexudative Type 1 MNV, exhibiting diagnostic
performance similar to our findings related to SLGs.26

The detection of DLS presented higher sensitivity but

lower specificity compared with SLGs in recognizing
NE-MNV. As recently demonstrated, this finding may
result from a non-neovascular splitting of the RPE/
Bruch membrane complex representing thick basal
laminar deposits on OCT B-scans.27,28 Despite a high-
er specificity compared with the DLS, the diagnostic
performance of SLGs as a biomarker for NE-MNV
appears inferior to the DLS, as confirmed by Youden’s
index. Moreover, SLGs and DLS cannot be considered
interchangeably, as they are more likely complemen-
tary predictors in NE-MNV.
Limitations of this study include its retrospective

nature. In particular, an iAMD population selected

Fig. 4. Progression of a case with
subretinal lipid globules in the
absence of nonexudative lesion at
baseline evolving into a Type 3
lesion. A. Spectral-domain optical
coherence tomography (OCT) B-
scan passes through the SLGs in
the subretinal space above
a drusenoid pigment epithelium
detachment. B. OCT B-scan ob-
tained 12 months later showed the
disappearance of the SLGs
accompanied by the presence of a
hyperreflective lesion centered on
the plexiform layer overlying the
PED. C. Swept-source OCT angi-
ography (OCTA, PLEX elite
9000) slabs obtained at the same
follow-up interval (12 months)
shows flow signal (yellow circle)
within the hyperreflective lesion.
D. At 15 months from baseline, an
OCT B-scan demonstrates the
presence of active exudation with
intraretinal fluid.
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retrospectively could increase the frequency of SLGs
in our patient cohort. Patients undergoing OCTA may
include those with more advanced AMD phenotypes,
as confluent drusen or certain morphologies of pig-
ment epithelium detachment felt to indicate a higher
risk for MNV occurrence.
Our results support SLGs as a biomarker of sub-

clinical activity in NE-MNV lesions. The SLGs
colocalized with NE-MNV lesions almost invariably
with high specificity, predictive values, and accuracy,
demonstrating a good performance as a biomarker for
subclinical lesions. Nonexudative macular neovascu-
larization lesions associated with SLGs were larger
and more likely to show growth than those without

SLGs, but the conversion rates to exudative MNV
were similar between the two groups. Our findings
also demonstrated that on OCT, the hyperreflective
tail beneath SLGs is not associated with macular
atrophy, but rather, it represents a distinctive feature
because of the optical properties of the globules.
Further studies with a prospective design and a longer
longitudinal evaluation would be necessary to better
characterize the prognostic implications of SLGs in
NE-MNV.

Key words: subretinal lipid globules, age-related
macular degeneration, multimodal imaging, optical
coherence tomography, optical coherence tomography
angiography.

Fig. 5. Multimodal imaging
shows that the retinal pigment
epithelium remains intact beneath
subretinal lipid globules. A. Fun-
dus autofluorescence at baseline.
B. Near-infrared reflectance (NIR)
at baseline. C. Optical coherence
tomography B-scan shows the
presence of SLGs as round hy-
poreflective structures with hy-
pertransmission tails (better seen
on the magnified inset). One
month later, after the SLGs dis-
appear, the integrity of RPE is
confirmed by preserved auto-
fluorescence on FAF (D) and
minimal changes in reflectivity on
NIR (E). The OCT B-scan (F)
shows the complete resolution of
SLGs with intact external limiting
membrane, ellipsoid zone, and
RPE bands (inset).
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LONG-TERM MICROVASCULAR
REMODELING AND CYSTIC CHANGES
AFTER RETINAL DETACHMENT TREATED
WITH SILICON OIL TAMPONADE

NATHALIE PFISTER, MD, LÉA DORMEGNY, MD, LAURENT BALLONZOLI, MD,
ARNAUD SAUER, MD, PHD, CLAUDE SPEEG-SCHATZ, MD, PHD, TRISTAN BOURCIER, MD, PHD,
DAVID GAUCHER, MD, PHD

Purpose: To determine the long-term microvascular alterations associated with macular
cystic changes after retinal detachment surgery with silicone oil tamponade.

Methods: The results of two optical coherence tomography angiographies performed at
11 months and 38 months after silicone removal were retrospectively analyzed for 30 eyes.
The data were compared between both measurements and between eyes with macular
cysts (MC+) and without macular cysts (MC2). Two patterns of cysts were identified and
compared: cysts exclusively involving the inner nuclear layer (INLc) and cysts present in all
retinal layers.

Results: At both end points, 20 eyes (67%) presented with macular cysts, 12 of
them (40%) had INLc. At the first end point, vascular density of superficial capillary
plexus was higher and superficial foveal avascular zone was smaller in MC+ eyes
than in MC2 eyes (P = 0.04 and P = 0.017, respectively). At the second end point,
vascular density of superficial capillary plexus significantly decreased in MC+ eyes
as compared with the first end point (P , 0.001) and superficial foveal avascular zone
enlarged (P , 0.001). Macular central thickness decreased between follow-ups only
in eyes with INLc (P , 0.01). The final best-corrected visual acuity was better in eyes
with INLc than in eyes with cysts present in all retinal layers (P , 0.01). There was
no difference between the final best-corrected visual acuity in eyes with INLc and
MC2 eyes.

Conclusion: Macular cysts are a common finding long after silicon removal. Vascular
remodeling seems characterized by an initial increase of the vascular density of superficial
capillary plexus in eyes with cysts, which is followed by its progressive decrease. The INLc
is the most common pattern of cysts. They are associated with a progressive decrease of
the central macular thickness without visual impairment.

RETINA 43:923–931, 2023

Silicone oil (SO) was introduced in Europe in 1974
as an adjunct in the management of complex retinal

detachment surgery,1 long before its approval by the
U.S. Federal Drug Administration in 1994. It is still
widely used when extended intraocular tamponade is
required, especially in cases of severe proliferative

vitreoretinopathy or giant retinal tear. The visual out-
comes of these surgeries are poor because of various
factors.
Recent developments in optical coherence tomog-

raphy angiography (OCT-A) have shed new light on
the retinal microcirculation after SO removal in cases
of complex retinal detachments. Optical coherence
tomography angiography parameters demonstrated
modifications of the capillary density in those cases.2,3

Hypothesis have been made that these modifications
may be because of hypoxia or local conditions during
the SO tamponade period.4 Dormegny et al7 recently
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reported a microvascular remodeling after vitreoretinal
surgery with SO tamponade, which was associated
with the presence of macular cysts. They reported an
increase in the vascular density of the superficial
capillary plexus (SCPvd) in eyes with macular cysts
(MC+ eyes), as compared with eyes without macular
cysts (MC2 eyes), three months after silicon oil
removal. The incidence rate of macular cysts was
high in this cohort (nearly 60%). Furthermore, nearly
two-third of these cysts were localized in the inner
nuclear layer (INL) of the retina and showed simi-
larities with degenerative microcystic edema as
described in severe optic neuropathies5 or chronic
retinal pathologies6 (Figure 1). Therefore, microcys-
tic changes and vascular remodeling after silicon oil
removal after retinal detachment (RD) surgery may
represent a degenerative process in complicated RD
cases. Evolution of microcystic change and vascular

remodeling after RD surgery using SO has been poorly
investigated.
The purpose of this study was to determine whether

microvascular and cystic changes are durably associ-
ated in eyes operated for complex RD with SO
tamponade. A secondary objective was to assess the
eventual impact of this evolution on the visual
outcomes.

Methods

Study Population

We conducted a retrospective monocentric study
including 40 consecutive patients (40 eyes) who
successfully underwent retinal detachment surgery
with pars plana vitrectomy and SO tamponade (FCI
S.A.S, France Chirurgie Instrumentation; viscosity

Fig. 1. Left: En Face and B-scan images of a macular cystoid edema located in both internal and external retina, with a small serous retinal detachment.
Right: En face and B-scan images of a macular microcystic edema selectively located in the inner nuclear layer. Cysts are disposed in concentric rings
around the fovea without distortion of the foveal profile.
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1,000 cstokes), performed by two surgeons (L.B. and
D.G.) from September 2015 to August 2018 in the
University Hospital of Strasbourg (France).
Patients with insufficient image quality from any of

the examinations and with ophthalmologic comorbid-
ity were excluded.
The authors adhered to the tenets of the Declaration

of Helsinki.

Data Collection

Patients underwent a preliminary OCT-A (Cirrus
HD-OCT 5000; Carl Zeiss Meditec, Dublin, CA)
examination at least 3 months after SO removal (first
end point). Patients were followed and reexamined
with the same machine after 2 years (second end
point). A comprehensive clinical examination was also
performed, including the best-corrected visual acuity
(BCVA) with the Early Treatment Diabetic Retinop-
athy Study chart.
Optical coherence tomography angiography exam-

ination at both end points included the 3 · 3-mm
macular cube (512 · 128) and 3 · 3-mm angiogra-
phy measurements. The central macular thickness
(CMT) and the thickness of the ganglion cell com-
plex (GCC) and SCPvd and vessel density of deep
capillary plexus (DCPvd) were calculated. Vascular
density of superficial capillary plexus was generated
by AngioPlex Metric software for the SCP. For
the DCPvd, we used a binarization technique using
the ImageJ software7,8 (Figure 2A). Delineation of
the area of the superficial foveal avascular zone
(FAZ) was automatically generated, whereas the
area of deep FAZ was measured manually using
ImageJ and verified by two independent readers
(Figure 2B).
The area occupied by retinal cysts was measured on

OCT-A en face images of the midretina (Figure 2C).
The retinal layer in which the cysts were located was
noted using the B-scan images of the OCT. Macular
cysts were noted either as present in the inner nuclear
layer only (INLc) or in both outer and inner retinal
layers (all layers cysts [ALc]).

Statistical Analysis

Data obtained during the first and second end points
were compared for the study population for quantita-
tive variables (BCVA, SCPvd and DCPvd, superficial
and deep FAZ, macular thickness, and GCC). At each
end point, data were compared between operated and
contralateral eyes.
The presence of macular cysts was used as an

indicator of retinal cystic remodeling; we compared the

data of MC+ eyes versus MC2 eyes at both end points.
Data were also compared between INLc and ALc.
Student t-tests were performed to compare the mean

values of Gaussian parameters obtained among the
groups. Mann–Whitney U tests and Kruskall–Wallis
tests were used to compare non-Gaussian parameters.
A Wilcoxon signed rank exact test was used to com-
pare operated and contralateral eyes.
Analyses were performed with pvalue.io software

(Medistica, Paris, France).

Results

After exclusion, data from 30 patients (30 eyes)
could be analyzed. The mean follow-up was 3.5 years
after silicone removal, ranging from 2 years to 5.2
years. The mean delay between the first and the last
OCT-A was 26 months, ranging from 21 months to 36
months. The mean duration of the SO tamponade was
122 days (min = 35 days, max = 469 days, median =
102 days). RD was macula-off in 21 of 30 eyes (70%).
Preoperative and intraoperative clinic data are summa-
rized in Table 1.

Vessel Density of Superficial Vascular Plexus and
Superficial Foveal Avascular Zone

The mean SCPvd was 29.6% for all operated eyes at
the first end point and 23% at the second end point.
The difference between the two measurements was not
statistically significant. At each end point, there was
no significant difference between operated and non-
operated eyes.
The mean superficial FAZ was at 0.11 mm2 at the

first end point and 0.13 mm2 at the second end point.
There was no difference between both end points or
between operated and nonoperated eyes.

Comparison Between Eyes With Macular Cysts and
Eyes Without Macular Cysts

At the first end point, SCPvd was significantly
higher in MC+ eyes than in MC2 eyes (33% vs. 24%,
P = 0.03, Mann–Whitney U test). The mean superficial
FAZ was significantly smaller in MC+ eyes than in
MC2 eyes (0.16 mm2 vs. 0.2 mm2, P = 0.041, Mann–
Whitney U test).
Between end points, SCPvd decreased in MC+

eyes (P , 0.001) and remained stable in MC2 eyes
(Figure 3). The superficial FAZ area increased signif-
icantly in MC+ eyes (P = 0.02), which is consistent
with the SCPvd decrease observed (Figure 4 and
Table 2).
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At the second end point, SCPvd was 23.9% in MC+
eyes and 21.1% in MC2 eyes. No significant differ-
ence was noted between both groups (P = 0.74). The
mean superficial FAZ was 0.16 mm2 in MC+ eyes and
0.2 mm2 in MC2 eyes, which was not statistically
different (P = 0.31).
In both the types of cysts (INLc and ALc), SCPvd

decreased and FAZ area increased significantly
between end points.

Vessel Density of Deep Vascular Plexus and Deep
Foveal Avascular Zone

The mean DCPvd in our cohort was 30.7% at the
first end point and remained stable at the second end
point, with a mean value of 29%. At both end points,
DCPvd was not different from the unaffected eye. The
mean deep FAZ showed no difference between both
end points (1.06 mm2 vs. 1.11 mm2, P = 0.09) nor
about the contralateral eye.

Fig. 2. A. Optical coherence tomography angiography image of the DCPvd after binarization using the ImageJ software: OCT-A en face images of the
DCP were first digitalized in 8 bits. Gray levels were then converted into two values, white for the vessels and black for the background, the threshold
level being calculated by the Otsu algorithm. The proportion of white pixels (corresponding to capillaries) was calculated in a circle of 3 mm diameter
(yellow) centered by the fovea. B. Optical coherence tomography angiography image of the DCPvd: measure of the deep FAZ (yellow) with the
freehand selection tool of ImageJ software. C. En face image at the midretina level: measure of the confluent cysts area (yellow) with the freehand
selection tool of ImageJ software.
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There was no significant difference in mean DCPvd
(P = 0.6 at the first end point and P = 0.37 at the
second end point) or in mean deep FAZ (P = 0.22 at
the first end point and P = 0.21 at the second end
point) between MC+ eyes and MC2 eyes.
Concerning the subgroup analysis, there was no

significant difference in mean DCPvd (P = 0.34 at the
first end point and P = 0.25 at the second end point,
Mann–Whitney U test) or in mean deep FAZ (P =
0.73 at the first end point and P = 0.7 at the second end
point, Mann–Whitney U test) between INLc eyes and
ALc eyes.

Macular Cysts

We found macular cysts in 20 eyes (67%) at the first
end point, 12 of them (40%) had macular INLc and 8
eyes (27%) had ALc. There was no eye with cysts in the
outer retina only. The time of cysts onset after SO
removal was 4.9 months on average. At the second end
point, the prevalence of INL and ALcs remained

unchanged. The preoperative macula-off status was
significantly associated with the presence of macular
cysts (85% MC+ eyes vs. 50% MC2 eyes, P = 0.03,
Fisher exact test). Among the 21 macula-off RD, 16
presented with MC during the follow-up (8 ALc and 8
INLc type). The mean preoperative BCVA was 20/125
in MC+ eyes versus 20/100 in MC2 eyes (P = 0.48).
Preoperative BCVA did not significantly differ between
each group (mean = 20/100 in INLc eyes vs. 20/200 in
ALc eyes, P = 0.21).
Among all clinical data, eyes with INLc were more

often associated with an unoperated epiretinal membrane
on the B-scan at both end points, as compared with eyes
with ALc (6 eyes from 12 vs. 0 eye from 8, P , 0.01,
Fisher exact test). In eyes with ALc, there was a higher
prevalence of intraoperative relaxing peripheral retinec-
tomy (7 eyes from 8, P , 0.01, Fisher exact test) and
multiple interventions before silicone removal (7 eyes
from 8, P , 0.01, Fisher exact test), as compared with
eyes with INLc (Table 3).
The macular status did not significantly differ

between ALc and INLc eyes (67% INL + eyes pre-
sented with macula-off RD vs. 100% ALc eyes, P =
0.13, Fisher exact test). Preoperative BCVA did not
significantly differ between each group (mean = 20/
100 in INLc eyes vs. 20/200 in ALc eyes, P = 0.21).

Evolution of the Cysts Area

The mean area of the cysts was 3.35 mm2 at the first
end point and 2.29 mm2 at the second end point.
Considering separately INLc and ALc, different

evolutionary profiles were observed. Most of INLc
(n = 7) remained stable (Table 3).

Best-Corrected Visual Acuity

The mean BCVA remained stable in MC+ eyes, with
20/80 at both end points. The mean BCVA in MC2
eyes was 20/50 at both end points. This difference
between the two groups was not statistically significant.
At both end points, BCVA in MC+ eyes was nega-

tively correlated with the cysts area (P, 0.01, Spearman
test).
Eyes with ALc showed the worst visual outcome,

with the mean BCVA of 20/160 at both end points.
The mean BCVA in eyes with INLc was 20/100 at the
first end point and improved up to 20/50 at the second
end point. At the second end point, the mean BCVA
was significantly different between INLc and ALc (P
, 0.01) (Table 3).

Table 1. Clinical Parameters of the Study Population

Follow-up, months (mean 6 SD) 42.7 6 15.5
Age, years (mean 6 SD) 57.6 6 5.4
Tamponade duration, days
(mean 6 SD)

122 6 85

BCVA, logMAR (mean 6 SD)
Initial end point visit 0.58 6 0.54
During silicone tamponade 1.02 6 0.71
One month after silicone removal 0.58 6 0.54
Final end point visit 0.58 6 0.49

Delay between silicone removal and
initial endpoint visit, months
(mean 6 SD)

11 6 8.2

Preoperative macular status
Macula-on RD 9 eyes (30%)
Macula-off RD 21 eyes (70%)

Type of RD
Giant retinal tear 6 eyes (20%)
Proliferative vitreoretinopathy 20 eyes (67%)
Open-globe injury 4 eye (13%)

Lens status at the final end point
visit
Pseudophakic 27 eyes (90%)
Phakic 3 eyes (10%)

Surgery features
Relaxing peripheral retinectomy 11 eyes (37%)
Use of liquid perfluorocarbon 19 eyes (63%)
Combined cataract surgery 17 eyes (57%)
Epiretinal membrane removal 10 eyes (30%)

Treatment of postoperative macular
edema
In the first 3 months after silicone
removal

12 (40%)

At the initial end point visit 4 (13%)
At the final endpoint visit 4 (13%)

logMAR, logarithm of the minimum angle of resolution.
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Central Macular Thickness

Central macular thickness significantly decreased
between the first and the second end points for eyes
with INLc (364 mm vs. 302 mm, P , 0.01). Central
macular thickness remained stable in eyes showing
ALc (354 mm vs. 336 mm, P = 0.95) and in MC2
eyes (290 mm vs. 281 mm, P = 0.93).

Ganglion Cell Complex

The ganglion cell complex thickness was not
statistically different in MC+ eyes compared with
MC2 eyes at both end points.
In eyes presenting only with INLc, we observed a

decrease in GCC that was not statistically significant
(mean = 79 mm at the first end point and 72.5 mm at the

Fig. 3. Optical coherence tomography angiography images of the SCP in the same eye at the first (left) and the second (right) examinations:
microvascular defects in the yellow circle increased.

Fig. 4. Optical coherence tomography angiography images of the SCP in the same eye at the first (left) and the second (right) examinations: FAZ area
enlarged.
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second end point, P = 0.74). Both values were inter-
preted as normal as compared with the normative data-
base of the OCT and did not differ from the contralateral
eye.

Discussion

The results of the present work demonstrate that in
two-third of the cohort operated for RD with SO
tamponade, microvascular changes were present and
were exclusively associated with the presence of
macular retinal cysts. Indeed, SCPvd increased during
the first year after the SO removal period, and
superficial FAZ area was reduced. Moreover, we also
noticed a progressive and significant decrease of the
SCPvd after the initial increase in eyes with retinal
cysts.
Increased SCPvd and reduced FAZ were already

reported by Dormegny et al7 in eyes operated for RD
after SO removal and also in eyes with macular cysts.
Dormegny et al hypothesized that either capillaries

displacement by cystoid cavities or a compensatory
mechanism of hypoxia during retinal detachment may

lead to SCPvd increase. The slow restoration and then
the decrease of SCPvd with time, despite the persis-
tence of cysts in most of the eyes, suggest a vascular
remodeling rather than a mechanical displacement by
cysts. The pathophysiology could be an acute vascular
reaction to hypoxia either during detachment or during
SO tamponade, followed by a slow degenerative
process. Indeed, in eyes with cysts, macular thickness
decreased significantly during follow-up, together with
superficial vascular density. The fact that alterations
are limited to the SCP and do not affect DCP may be
because of direct contact between SCP and SO
tamponade, as suggested by Roohipoor et al.2

Another hypothesis for the transient increased
vascular density could be a retinal contraction during
macular detachment leading to microvascular densifi-
cation in the superficial retina, gradually reversible
over time.
Most of the published studies that analyzed the

vascular density after RD surgery reported a decrease
of either superficial or deep vascular plexus.3,8 Bayr-
aktar,3 in a cohort of 24 eyes with macula-off detach-
ments, observed a reduction in both SCPvd and

Table 2. Comparison of Data Collected During the Two Examinations for the MC+ Eyes

Initial End Point Visit Final End Point Visit P

BCVA (logMAR) 0.64 6 0.5 0.65 6 0.52 0.72
Cysts area (mm2) 3.35 6 6.78 2.29 6 4.77 0.19
Macular central thickness (mm) 376 6 52 337 6 22 0.23
VD of SCP (%) 33 6 1.1 23.9 6 1.4 ,0.001
Superficial FAZ area (mm2) 0.118 6 0.057 0.165 6 0.101 0.032
VD of DCP (%) 31 6 7.5 30 6 7.1 0.28
Deep FAZ area (mm2) 1.03 6 0.53 1.07 6 0.47 0.55
GCL thickness (mm) 79.1 6 22.6 72.2 6 17.5 0.74
OCT-A signal strength 8.15 6 1.57 7.62 6 1.63 0.21

All values are indicated as mean 6 SD.
Bold entries are statistically significant values.
logMAR, logarithm of the minimum angle of resolution; VD, vascular density.

Table 3. Main Differences Between Eyes With Inner Nuclear Layer Cysts and Eyes With All Retinal Layers Cysts

INLc ALc P

BCVA (logMAR, mean 6 SD)
Initial end point visit 0.7 6 0.2 0.9 6 0.7 0.24
Final end point visit 0.39 6 0.1 0.9 6 0.7 ,0.01

Preoperative relaxing peripheral
retinectomy, n (%)

1 (8%) 7 (87.5%) ,0.01

Multiple interventions before silicone
removal, n (%)

5 (41.5%) 7 (87.5%) ,0.01

Necessity of medical treatment for
macular edema, n (%)

0 4 (50%) 0.014

Stability of cysts area between the
initial and final end point visits, n (%)

7 (58%) 0 0.039

Bold entries are statistically significant values.
ALc, eyes with all retinal layers cysts; INLc, eyes with inner nuclear layer cysts; logMAR, logarithm of the minimum angle of resolution.
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DCPvd associated with FAZ enlargement and a thin-
ner CMT, as compared with the fellow eye after 3
months.
Interestingly, none of these studies found an

increased SCPvd after surgery as we did. This discrep-
ancy may be because of the short follow-up limited to 3
months in these studies. Indeed, we noticed an
increased density in the SCPvd during the first year
after silicon oil removal. Moreover, in our study,
increased SCPvd was noticed in eyes with retinal cysts.
The presence of cysts was not mentioned in the other
studies. Furthermore, the comparison with contralateral
eye might expose an underestimation of vascular
density in the operated eye because of worse signal
strength quality compared with nonoperated eyes.8

In our cohort, we found a high prevalence (67%) of
macular cysts more than 2 years after SO removal.
Previously published studies found variable incidence
rates of macular edema after surgery with silicone
tamponade (18%–66%).9,10 As reported by Dormegny
et al7 we found a negative correlation between BCVA
and cysts area. However, we did not find any more
difference in BCVA between MC2 eyes and MC+
eyes, perhaps because of an insufficient statistical
power resulting from the small size of our cohort.
We have identified two different patterns of cysts:
macular cysts involving both the outer and inner reti-
nal layers are associated with clinical proinflammatory
factors such as peripheral retinectomy and multiple
interventions and can be identified as chronic postop-
erative edema in eyes with poor visual prognosis. All
the eyes with ALc in our cohort underwent treatment
using intravitreal dexamethasone; the edema regressed
in all cases but also recurred in all cases. It may be
interesting to try to prevent ALc edema intraopera-
tively in cases of peripheral retinectomy instead of
waiting for edema to appear. Further studies should
be addressed to validate this hypothesis. The macula-
off status could also be a factor that promotes the
presence of ALc and the worst visual prognosis asso-
ciated; however, the results of this study do not sup-
port this hypothesis because the rate of macula-off RD
was not statistically different between groups.
Most cysts in our cohort (64%) were exclusively

localized in the INL. They remained stable over time,
and the final BCVA was similar to eyes without cysts.
They adopted a specific microcystic pattern, in the
form of small lacunar areas of hyporeflectivity dis-
posed concentrically around the fovea (Figure 1). This
appearance is similar to the degenerative microcystic
edema described by Gelfand et al5 in optic neuropa-
thies. It has also been described in chronic retinal
pathologies6 or after vitrectomy for epimacular mem-
brane.11–16. Dormegny et al7 also reported this pattern

of cysts with a high prevalence (48%) after retinal
surgery with SO tamponade. A few case reports17,18

also reported INLc, in association with unexplained
acute vision loss after the silicone removal. In our
study, eyes with INLc did not present with visual loss;
in contrast, they had a stable BCVA, which was sim-
ilar to eyes without cysts at the end of the follow-up.
Those results concerning fair BCVA in eyes with
INLc were also reported by Dormegny et al.7

The pathophysiology of these INLc might be different
from the pathophysiology of postoperative inflammatory
edema as suggested in the literature by the absence of
leakage on fluorescein angiography,21 the absence of
conventional treatments response,19 and their long-
term stability. The role of loss or dysfunction of Müller
cells in the pathophysiology of INLc has been evocated
since 201020 and is widely admitted21 in various causes
of degenerative microcysts. Müller cells are glial cells
whose bodies are located in the INL, and they are a key
factor in the regulation of intraretinal fluids through
ionic and aquaporin channels. However, the origin of
the Müller cell loss or dysfunction postvitrectomy is not
yet well understood and may involve several factors.
Possible candidates are a retrograde maculopathy pri-
marily involving the ganglion cells such as in optic
neuropathies, a tractional mechanism through an epire-
tinal membrane as also suggested by Lee et al,22 a min-
imal inflammatory involvement, and an ischemic
damage of the retinal microcirculation during retinal
detachment or silicone tamponade. Govetto et al11 noted
a higher prevalence of INLc in glaucomatous eyes and
suggested a synergy effect between tractional factors
and ganglion cells fragility before surgery. However,
we did not observe any correlation between the presence
of INLc and any GCC alteration in our cohort. Our
study indicates a higher prevalence of nonoperated epi-
retinal membranes in eyes with INLc, so that tractional
mechanisms cannot be excluded. However, CMT sig-
nificantly decreased with time in eyes with INLc; this
could be an indicator of progressive atrophy of the inter-
nal retina associated with microcystic degeneration. Fur-
thermore, we observed a microvascular remodeling
associated with the presence of macular cysts. The cause
of this remodeling is not known but hypoxic phenomena
could be involved in the process and may lead to dam-
age of Müller cells. Inner nuclear layer cysts do not
seem to affect BCVA or require any specific treatment.
It seems quite useful to be aware of this specific pattern
of cysts to avoid useless medications.
This study has several limitations. First, it was a

retrospective monocentric study with a limited number
of included patients and a high amount of loss to
follow-up. Second, the measurements of vascular
density and FAZ area were automatic for the SCP
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and semiautomatic for the DCP because the software
of our OCT-A provides automatic measurement for
SCPvd alone. This allowed to compare results during
follow-up for the same plexus but compromised the
comparison of our results with other studies. Finally,
the median delay between SO removal and the first
end point was 11 months. It may be interesting to
detect early macular changes associated with SO
before 6 months of the postoperative follow-up. This
would also facilitate comparison with data of other
studies with a short follow-up.

Conclusion

In conclusion, macular cysts have a high prevalence
in patients who have successfully undergone retinal
reattachment surgery with SO tamponade, even after a
mean follow-up of 39 months. They are associated
with a short-time increase of the SCPvd, which then
decreases over time.
Most of them are exclusively located in the INL and

do not affect BCVA; they are associated with pro-
gressive decreased CMT. They do not seem to require
any specific treatment but may reflect a degenerative
process of the retina.

Key words: capillary density, macular cysts, mac-
ular edema, inner nuclear layer, microvascular remod-
eling, OCT–angiography, retinal detachment,
retrograde maculopathy, silicone oil.
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ULTRA-WIDEFIELD OPTICAL
COHERENCE TOMOGRAPHY
ANGIOGRAPHY IN MILD FAMILIAL
EXUDATIVE VITREORETINOPATHY

YOUWANG, MD, YANTING LAI, MD, XIAODI ZHOU, MD, TING ZHANG, MD, PHD, LIMEI SUN, MD, PHD,
ZHAOTIAN ZHANG, MD, PHD, LI HUANG, MD, PHD, SONGSHAN LI, MD, PHD, XIAOYAN DING, MD, PHD

Purpose: To investigate ultra-widefield optical coherence tomography angiography
(UWF-OCTA) to detect and evaluate mild familial exudative vitreoretinopathy and compare
the detective ratio of UWF-OCTA with ultra-widefield scanning laser ophthalmoscopy and
ultra-widefield fluorescein angiography.

Methods: The patients with familial exudative vitreoretinopathy were included in this
study. UWF-OCTA, using a 24- · 20-mmmontage, was performed for all patients. All images
were independently tested for the presence of familial exudative vitreoretinopathy-associated
lesions. Statistical analysis was performed with SPSS V.24.0.

Results: Forty-six eyes of 26 participants were included in the study. Ultra-widefield optical
coherence tomography angiography was found to be greatly superior to ultra-widefield scanning
laser ophthalmoscopy in detecting peripheral retinal vascular abnormality (P , 0.001) and
peripheral retinal avascular zone (P , 0.001). The detection rates of peripheral retinal vascular
abnormality, peripheral retinal avascular zone, retinal neovascularization, macular ectopia, and
temporal midperipheral vitreoretinal interface abnormality were comparable with ultra-widefield
fluorescein angiography images (P . 0.05). Furthermore, vitreoretinal traction (17/46, 37%) and
small foveal avascular zone (17/46, 37%) were detected effectively on UWF-OCTA.

Conclusion: Ultra-widefield optical coherence tomography angiography is a reliable
noninvasive tool to detect familial exudative vitreoretinopathy lesions, especially in mild
patients or asymptomatic family members. The unique manifestation of UWF-OCTA offers an
alternative to ultra-widefield fluorescein angiography for the screening and diagnosis of FEVR.

RETINA 43:932–939, 2023

Familial exudative vitreoretinopathy (FEVR) is a
hereditary disease that was first described by Cris-

wick and Schepens in 1969.1 It is manifested by differ-
ent retinal pathologic features, including hardly

detectable peripheral retinal vascular anomalies, tempo-
ral midperipheral vitreoretinal interface abnormality
(TEMPVIA), neovascularization, small foveal avascu-
lar zone (FAZ), macular ectopia, and retinal detach-
ment.1–5 Advanced stages of FEVR can be detected
by ocular routine examinations, whereas multimodal
imaging, such as ultra-widefield scanning laser ophthal-
moscopy (UWF-SLO) and ultra-widefield fluorescein
angiography (UWF-FA), is required for asymptomatic
patients.6 Ultra-widefield scanning laser ophthalmos-
copy can provide a 200° photographic view of a fundus
and assist in the investigation of the changes, including
the far peripheral vascular abnormality in FEVR.3

However, despite the rapid evolution of retinal imaging
in recent years, fluorescein angiography (FA) remains
the gold standard for the diagnosis of FEVR. Conven-
tional fundus cameras capture a field of 45 to 60° in one
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exposure. Moreover, UWF-FA developed in recent
years can provide data covering even 200° in one single
image.7 The use of UWF-FA has been documented in
diabetic retinopathy, retinal vein occlusion, retinopathy
of prematurity, and FEVR.3,8–11 However, it is invasive
and time-consuming.
Recently, the ability to detect detailed microstruc-

ture changes in FEVR with a noninvasive, safe, fast,
and reliable instrument has become available with the
development of optical coherence tomography angi-
ography (OCTA).12,13 Our previous study reported a
significantly smaller FAZ and decreased vascular den-
sity in the parafoveal area by OCTA in FEVR.4 How-
ever, the small retinal field covered by the early device
limited its utility in the peripheral retina. To our
knowledge, only a few reports in the literature have
focused on OCTA in the peripheral retina of FEVR.
The recently developed ultra-widefield optical coher-

ence tomography angiography (UWF-OCTA) system
can acquire data from an area of 24 mm in width (120°
of fundus view) in a single image while retaining the
same resolution with an inbuilt lens, similar to smaller
scan sizes.14 This can allow us to observe the changes in
the peripheral retina successfully. Herein, we aim to pre-
sent a prospective, observational study to compare
UWF-OCTA with UWF-SLO and UWF-FA to detect
the FEVR lesions located in the peripheral, midperiph-
eral, and posterior retina.

Methods

Subjects

This prospective, observational study was conducted
at the Zhongshan Ophthalmic Center, Sun Yat-sen
University, from February 2022 to April 2022. It was
compiled with the tenets of the Declaration of Helsinki
and approved by the institutional review board.
Informed written consent was obtained from all the
subjects or their legal guardians. To obtain a qualified
OCTA image, the fixation is pivotal. Thus, 46 eyes of
26 clinically confirmed mild FEVR patients were
included. The exclusion criteria included eyes with
poor fixation or a low automated quality index of
images (less than 6, ranging from 1 to 10). The severity
of FEVR was staged using Trese’s staging system.15

Data Collection

The data collected included detailed demographics
(sex, age, and genotypic mutations) and current
ophthalmologic examination findings (best-corrected
visual acuity (BCVA), slit-lamp biomicroscopy,
dilated fundus examination, and color fundus photog-

raphy). Multimodal imaging included UWF-SLO
(California FA, Optos, Dunfermline, United King-
dom), UWF-FA (California FA, Optos, Dunfermline,
United Kingdom), swept-source optical coherence
tomography (SS-OCT), and UWF-OCTA (TowardPi
BMizar, TowardPi Medical Technology, Beijing,
China). The UWF-SLO, UWF-OCTA, and UWF-FA
images were evaluated by two masked ophthalmolo-
gists (W.Y. and L.Y.). If the results from two
evaluators was different, the third masked evaluator,
Pro. Ding would evaluate again. And the results from
Pro. Ding were accepted. For each image, the presence
of the FEVR lesions in the peripheral, midperipheral,
and posterior retina were recorded, including the
avascular zone, neovascularization, increased branch-
ing and/or the straightening of peripheral vessels,
vascular leakage, abnormal arteriovenous (A-V) shunt,
TEMPVIA, vitreoretinal traction (VRT), macular
ectopia, small FAZ, and increases in posterior vessels.
Small FAZ was defined as the area ,0.18 mm2.4 For
the VRT and neovascularization, each B-scan was
examined manually. The sensitivity and specificity
for the detection of FEVR lesions were calculated
using UWF-FA as the gold standard.

Image Acquisition Protocol

Ultra-widefield optical coherence tomography angi-
ography was obtained using TowardPi BMizar. A
swept-source vertical-cavity surface-emitting laser
with an A-scan rate of 400 kHz and wavelength
centered at 1,060 nm was used, which provided a
homogeneous signal strength over a depth range of
6 mm for the vitreous, retina, choroid, and sclera. After
pupil dilation, SS-OCT and UWF-OCTA were per-
formed on all patients to obtain amplitude-
decorrelation angiography images. To obtain a 200°
ultra-wide fundus view, a montage was generated from
five 24- · 20-mm OCTA data cubes positioned at five
predefined locations (central, superotemporal, supero-
nasal, inferotemporal, and inferonasal), with every sin-
gle image consisting of 1,280 line positions, 1536 A-
scans of each line, and 2,560 points on each A-scan,
with the scanning repeated twice. For the UWF-OCTA
imaging, automatic segmentation was first used to
identify the retinal layers, and manual adjustment of
the segmentation was conducted in all images to opti-
mally visualize the morphology of the vasculature.
UWF-SLO and UWF-FA were taken on the same
day as SS-OCT and UWF-OCTA. A montage was
generated from the center and four peripheral (super-
otemporal, superonasal, inferotemporal, and infero-
nasal) images of UWF-SLO/FA were obtained.
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Statistical Analysis

Statistical analysis was performed using SPSS 24.0
(IBM Corp, Armonk, NY, USA). Normally distributed
continuous variables were presented as mean 6 SD.
Familial exudative vitreoretinopathy lesion detection
rate differences between the groups were compared
using the chi-square test or Fisher’s exact test, and mul-
tiplicity adjustments were conducted using the Bonfer-
roni method. Interrater agreement was calculated using
kappa statistics—a kappa value of more than 0.61
means good or almost perfect agreement, 0.41 to 0.60
moderate agreement, and less than 0.40 slight or fair
agreement. A nominal two-sided P value of 0.05 was
conside red to indicate statistical significance.

Results

Demographics

In this study, 26 patients were included. The average
age was 19.9 6 15.1 years, and 19 (73.1%) patients
were male. Of the 46 eyes included, 41 (89.1%) were
diagnosed clinically as stage 1 FEVR, 3 (6.5%) were
in stage 2, and 2 (4.4%) were in stage 3. The BCVA
ranged from 20/200 to 20/20.

Detection of Peripheral Retinal
Vascular Abnormality

The FEVR lesions in the peripheral retina, including
the avascular zone, neovascularization, increased
branching and/or the straightening of peripheral ves-
sels, and the A-V shunt, were recorded. In UWF-
OCTA, the avascular zone appears as a zone with an
absent flow signal, and neovascularization appears as a
vascular branch with irregular new vessels, adjacent to
the avascular zone, which corresponds to the avascular
zone evidenced in UWF-FA. B-scans of the neo-
vascularization show ILM breaching and flow signal.
An abnormal A-V shunt tends to present at the end of
peripheral vessels and seems to match directly without
functional capillaries. The manifestation of UWF-
SLO, UWF-FA, and UWF-OCTA of representative
cases are shown in Figure 1 (UWF-SLO, A and B;
UWF-FA, C and D; UWF-OCTA, E and F).
The interrater agreement was 1.0 for avascular zone

detection on OCTA, 1.0 for increased branching in and
straightening of peripheral vessels, 1.0 for neovascu-
larization, and 0.90 for the abnormal A-V shunt on
OCTA. The detective ratio of the avascular zone was
80.4% (37 eyes) on OCTA, about 2 times of that on
UWF-SLO (41.3%, 19 eyes, P , 0.001), and was
comparable with UWF-FA (82.6%, 38 eyes, P =
0.79). OCTA also performed better in detecting the

increased branching and straightening of peripheral
vessels than UWF-SLO (P , 0.001), which was sim-
ilar to UWF-FA (P = 1.00). An abnormal A-V shunt
was detected in 30 eyes using OCTA and in 29 eyes
using UWF-FA (P = 1.00), which was difficult to
detect by UWF-SLO because of low-resolution ves-
sels. Neovascularization was detected in five eyes
(10.9%) on OCTA, with a flow signal on the B-scan.
The difference in detective ratio in neovascularization
was insignificant using three methods. However,
UWF-FA, not OCTA and UWF-SLO, was able to
detect vascular leakage effectively (Table). The repre-
sentative cases are shown in Figure 1.

Detection of Midperipheral and Posterior
Retinal Abnormality

Abnormality in the midperipheral retina included
TEMPVIA and VRT (Figure 2, UWF-SLO, A; UWF-
FA, B; UWF-OCTA, C). The interrater agreement was
1.0 for both lesions on OCTA. Enface OCT of the
TEMPVIA showed multiple hyperreflective and hypo-
reflective lesions in the V-shaped degeneration in the
midperipheral retina (Figure 2D). The detective ratio
of TEMPVIA was 37% (17 eyes) on OCTA, was
comparable with UWF-SLO (39.1%, 18 eyes, P =
0.83), and UWF-FA (43.5%, 20 eyes, P=0.524). Vit-
reoretinal traction was detected in 17 eyes (37%) on
OCTA, which cannot be observed on UWF-SLO and
UWF-FA (Figure 2, E–G). The abnormality in the
posterior retina included macular ectopia, small FAZ,
and an increase in posterior vessel. The interrater
agreement was 1.0 for macular ectopia, small FAZ
detection on OCTA, and 0.66 for the increase in pos-
terior vessels. Macular ectopia was detected in two
eyes (6.5%) on OCTA, same as UWF-SLO and
UWF-FA (Figure 3A and B). For the increase in pos-
terior vessels, OCTA showed a comparable detection
rate with UWF-SLO and UWF-FA (P . 0.05). Small
FAZ was detected in 17 eyes (37%) on OCTA, which
cannot be observed on UWF-SLO and UWF-FA
(Figure 3C and D).

Discussion

In this study, we performed a prospective and
observational study to evaluate the value of UWF-
OCTA in FEVR. To our best knowledge, this study is
the first to observe OCTA changes in the peripheral
retina and a montage showing a wide-field view in
FEVR. Compared with previous studies that focused
on macular microvasculature using relatively limited
OCTA techniques, our results provide greater insight
into a broader range of retina.4,16,17 We found that
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UWF-OCTA was a highly sensitive noninvasive tool
to detect FEVR lesions and was superior to UWF-
SLO. Moreover, VRT and small FAZ, which are
impossible to observe on UWF-SLO and UWF-FA,
were detected effectively on UWF-OCTA.

Ultra-widefield optical coherence tomography
angiography facilitates fundus screening for asymp-
tomatic or early-stage FEVR with high diagnostic
capability. The peripheral retinal lesions are common
among asymptomatic FEVR and can be detected by

Fig. 1. Representative images of abnormality in temporal peripheral retina in familial exudative vitreoretinopathy on UWF-OCTA versus UWF-SLO
and UWF-FA. The photograph was from a ten-year-old boy with 20/20 vision in his left eye. The avascular zone (white arrow), neovascularization (red
arrow), and increased branching or straightening of vessels (green arrow) in the peripheral retina was shown on UWF-SLO (A and B), UWF-OCTA (C,
D, montage image), and UWF-FA (E and F) images. The abnormal A-V shunt (yellow arrow) was demonstrated on UWF-OCTA.
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UWF-SLO effectively.18,19 Lyu et al6 suggested that
UWF-SLO was highly effective in diagnosing FEVR
compared with FA as a standard, but the changes in
the increased branching or straightening of peripheral
vessels and abnormal A-V shunt were not evaluated.
Published studies usually use OCTA to evaluate the
microstructure of fovea in FEVR for the limited 3-
mm · 3-mm or 6-mm · 6-mm view field. In this
study, using the montage, the UWF-OCTA provided
a 200° view, which is comparable to that of UWF-
SLO. The detective ratio of the avascular zone was
two times of that on UWF-SLO and was comparable
with UWF-FA. Similar results were also shown in
detecting the increased branching and straightening
of peripheral vessels. These results demonstrated that
UWF-OCTA was superior in detecting the avascular
zone and the increased branching or straightening of
the peripheral retina compared with UWF-SLO.
Ultra-widefield optical coherence tomography angi-
ography and UWF-FA had comparable detective
ratios in the avascular zone, neovascularization,
increased branching or straightening of the peripheral
retina, abnormal A-V shunt, TEMPVIA, and macular
ectopia. These results showed that UWF-OCTA
could be an effective and noninvasive alternative to
screen, diagnose, and monitor FEVR, especially for
the family members of probands.
Furthermore, UWF-OCTA is effective in detecting

TEMPVIA, which we reported in the previous study,
and can be also detected by UWF-SLO and UWF-FA.3

The remarkable vitreous proliferative traction and thin-
ning retina located at the anterior margin of TEMPVIA

were noted on UWF-OCT. The identification of TEMP-
VIA facilitates the diagnosis and management of mild
FEVR. In this study on OCTA, TEMPVIA was char-
acterized by a hyporeflective zone with a V-shape and
an increase in the superficial loss of deep retinal vessels
and capillaries at the vascular–avascular zone. The
image of the enface showed a remarkable vascular–
avascular junction line and a mottled reflective zone
is detected at the peripheral anterior retina of the junc-
tion. The manifestation confirms the hypothesis that the
vessels become arrested at the posterior margin of
TEMPVIA during the development of the retinal vas-
culature, followed by an increased branching and
straightening of pathologic superficial vessels. In this
stage, the functional capillaries and deep vessels do not
grow as superficial vessels, which is probably related to
the thinning of the peripheral retina with TMEPVIA.
Further research is warranted to explore the underlying
mechanism of the differentiation.
Finally, UWF-OCTA showed the same detective ratio

of neovascularization as FFA. Because of severe compli-
cations, such as vitreous hemorrhage and retinal detach-
ment, the detection of neovascularization is essential for
the management of FEVR. Unlike FFA, which showed
hyperfluorescence and leakage in lesions, UWF-OCTA is
advantageous in detecting neovascularization with a B-
scan, which helps identify neovascularization and distin-
guishes whether it is located in the vitreous or retina.
Moreover, OCTA greatly enhanced the detection of
vitreoretinal traction. Consequently, these findings could
provide sufficiently important information before further
invasive fundus examinations.

Table. The Detection Rate of FEVR Lesions on UWF-OCTA Versus UWF-SLO and UWF-OCTA Versus UWF-FA

FEVR Lesions UWF-OCTA UWF-SLO UWF-FA

P P

UWF-OCTA versus
UWF-SLO

UWF-OCTA Versus
UWF-FA

Peripheral retinal vascular
abnormality
Avascular zone 37/46 (80.4) 19/46 (41.3) 38/46 (82.6) ,0.001 0.79
Neovascularization 5/46 (10.9) 3/46 (6.5) 5/46 (10.9) 0.459 1
Increase or straightening of
peripheral vessels

46/46 (100) 36/46 (78.3) 46/46 (100) ,0.001 1

Vascular leakage NA NA 24/46 (52.2) NA NA
Abnormal A-V shunt 30/46 (65.2) 0 29/46 (63.0) NA 1

Midperipheral retinal
abnormality
TEMPVIA 17/46(37.0) 18/46 (39.1) 20/46 (43.5) 0.83 0.524
VRT 17 (37.0) NA NA NA NA

Posterior retinal abnormality
Macular ectopia 3/46 (6.5) 2/46 (4.3) 2/46 (4.3) 1.00 1
Small FAZ 17/46 (37.0) NA NA NA NA
Increase of posterior vessels 45/46 (97.8) 44/46 (95.6) 46/46 (100) 1.00 NA

Small FAZ is defined as the area ,0.18 mm2.
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Fig. 2. The representative TEMPVIA
was seen on a ten-year-old girl. UWF-
SLO (A), UWF-FA (B), UWF-OCTA
(C), and en face UWF-OCTA (D) of
the same section were displayed.
Optical coherence tomography angi-
ography demonstrated that TEMPVIA
was characterized by a hyporeflective
zone with a V-shape (yellow arrow)
and an increase of superficial and loss
of deep retinal vessels and capillary at
the vascular–avascular zone. The
image of en face showed a remarkable
vascular–avascular junction line, and a
mottled zone is detected at the periph-
eral anterior retina of the junction. The
representative VRT was observed on a
27-year-old woman. Ultra-widefield
optical coherence tomography angiog-
raphy (E), enface UWF-OCTA (F),
and B-scan (G) were displayed. The B-
scan showed an incomplete posterior
vitreous detachment with the persis-
tently adherent vitreous exerting trac-
tional pull on the retina (red arrow)
and consequent retinoschisis
(asterisks).
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Our results must be considered in light of several
limitations. First, because of the requirement for good
fixation, this examination is suitable for patients with good
vision or asymptomatic family members. For patients with
poor vision, it is difficult to obtain high-quality images.
Second, the retinal vascular leakage cannot be detected
with UWF-OCTA, which is also important for the
evaluation of FEVR. Consequently, an invasive evalua-
tion, such as UWF-FA, is still necessary.

Conclusion

In conclusion, we have shown that UWF-OCTA is a
reliable noninvasive tool to detect FEVR, especially in
mild symptomatic or asymptomatic family members.
UWF-OCTA offered a safe, fast alternative for the
screening and diagnosis of FEVR and may be a great
help in the early treatment of this disease.

Key words: ultra-widefield optical coherence
tomography angiography, familial exudative vitreore-
tinopathy, neovascularization, temporal midperipheral
vitreoretinal interface abnormality.
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IMMEDIATE VITRECTOMY vs TAP AND
INJECT IN EYES WITH ACUTE
POSTCATARACT ENDOPHTHALMITIS
AND VISUAL ACUITY $HM

A Randomized Clinical Trial

ALOK C. SEN, MS,* SONALI M. MEHTA, DNB,‡ ASHITA SULE, MBBS,§ AMRUTA V. MORE, MS,*
SACHIN B. SHETTY, MS,* JAYANTI SINGH, MS,† SHUBHI TRIPATHI, DNB,*
RUPESH AGRAWAL, MS,¶ DINESH TALWAR, MD**

Purpose: To compare the outcomes of immediate pars plana vitrectomy (PPV) and tap
and inject in eyes with postcataract surgery endophthalmitis.

Methods: Patients presenting with acute postcataract surgery endophthalmitis and
visual acuity between$ hand movement and,6/18 were randomized to receive either PPV
(Group A) or tap and inject (Group B).

Results: There were 26 and 31 eyes in Group A and Group B, respectively. The final
mean visual acuity at 6 weeks [0.14 (Snellen equivalent 6/7.5) versus 0.22 (Snellen
equivalent 6/9.5) LogMAR in Groups A and B, respectively; P = 0.2] was similar. However,
eyes in Group A had significantly greater mean letter gain in vision compared with Group B
(66.36 vs. 43.36, P = 0.02), and more eyes in Group A (88%) than in Group B (65%) attained
a visual acuity of $ 6/18 (P = 0.06). Eyes in Group B needed more reinterventions including
delayed vitrectomy after tap and inject than those in Group A (39% vs. 8%; P = 0.09). On
subgroup analysis, the mean visual acuity at the final follow-up was significantly better in
the immediate PPV group compared with the delayed PPV group (P = 0.04).

Conclusion: PPV resulted in earlier recovery, lesser interventions, and greater change in
visual acuity than tap and inject in eyes with postcataract surgery endophthalmitis
presenting with visual acuity of $HM.

RETINA 43:940–946, 2023

The management of postcataract surgery endophthal-
mitis (PCE) is traditionally guided by the Endoph-

thalmitis Vitrectomy Study, which recommends primary
tap and injection (T&I) in eyes with vision better than

the perception of light.1 With the advent of microinci-
sion vitreoretinal surgery, surgeons now have a lower
threshold for pars plana vitrectomy (PPV) irrespective
of the presenting visual acuity.2 Microincision vitreor-
etinal surgery results in lesser postoperative inflamma-
tion with faster recovery.3 Recent studies have indicated
better clinical outcomes and the need for fewer proce-
dures in eyes undergoing primary PPV.4,5 Conversely,
a meta-analysis of 15 retrospective case series found
intravitreal injections to be noninferior to PPV in the
management of PCE.6 Thus, whether immediate PPV
gives better outcomes than primary T&I remains debat-
able. In this prospective randomized study, we investi-
gated the efficacy of immediate PPV as compared with
immediate T&I in patients with PCE presenting with
hand movement (HM) or better vision.

From the *Department of Vitreo-retina; and †Department of
Vitreo-retina; and ‡Sadguru Netra Chikitsalaya and Post Graduate
Institute of Ophthalmology, Chitrakoot; §Yong Loo Lin School of
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and **Department of Vitreo-retina, Indraprastha Apollo Hospital &
Centre for Sight, New Delhi.

The authors reported that there is no funding associated with the
work featured in this article.

No potential conflict of interest was reported by the authors.
Reprint requests: Alok Sen, MS, Department of Vitreo-retina,

Sadguru Netra Chikitsalaya and Post Graduate Institute of Ophthal-
mology, Chitrakoot, Madhya Pradesh, 210204, India; e-mail: dralok-
sen@gmail.com

940

Copyright © by Ophthalmic Communications Society, Inc. Unauthorized reproduction of this article is prohibited.

D
ow

nloaded from
 http://journals.lw

w
.com

/retinajournal by 3X
vZ

oI68w
pkpurjW

IX
oboeIze1W

iO
bzeG

ru6hK
gsV

qK
il08K

rD
crLZ

joaJV
S

fQ
D

K
B

G
2kbw

6M
9JjN

S
U

11czF
U

N
X

+
u0V

m
/pktX

Q
+

M
G

tG
2Y

/jD
m

B
gI8D

X
V

R
lY

Y
aaY

7V
Q

hdC
A

jL0N
U

L9C
J0=

 on
06/06/2023



Materials and Methods

This randomized control study was conducted at a
tertiary eye care center in Central India (performing
.100,000 cataract surgeries/year). The institute per-
formed 122,104 small-incision cataract surgeries and
51,012 phacoemulsification surgeries from September
2019 to June 2021. The aim of this study was to compare
functional and anatomical outcomes between eyes under-
going either immediate PPV or T&I for acute PCE pre-
senting with a visual acuity of $HM. This study was
approved by the institutional ethics committee and
adhered to the tenets of the Declaration of Helsinki.
Patients older than 18 years presenting with clinical

features of acute PCE within 6 weeks of the uneventful
cataract surgery, either small-incision cataract surgery
(73.68%) or phacoemulsification (26.32%), were
included. Only those eyes with the best-corrected
visual acuity (BCVA) of $HM and , 6/18 were re-
cruited. Patients undergoing small-incision cataract
surgery were predominantly from lower socioeco-
nomic backgrounds.
Patients with a history of treatment for PCE; cluster

endophthalmitis; intraoperative (cataract surgery)
complications; bleb-related, endogenous, or traumatic
etiologies; endophthalmitis after infectious keratitis;
corneal infiltration or melt; and the presence of retinal
or choroidal detachment at presentation were
excluded.
Data were collected using a deidentified study

proforma that included age, sex, onset and duration of
symptoms, detailed history, date of surgery, type of
cataract surgery, and any intraoperative complications.
Postcataract surgery BCVA was documented in the
clinical case sheet. Early treatment for diabetic retinop-
athy study (ETDRS) vision was recorded at presentation
and at 1 week, 4 weeks, and 6 weeks postintervention.
The visual acuity was converted to the LogMAR using
the conversion table given by the ICO (International
Congress of Ophthalmology) report, 2002. Intraocular
pressure was recorded using a noncontact tonometer,
and the findings of anterior and posterior segment
examination including anterior chamber reaction and
vitritis/media haze (Nussenblatt scale) were noted at
each visit. An ultrasound B-scan was performed
whenever the fundus details were not visible.
All the included patients were admitted after

informed consent and randomized into treatment
Group A or Group B as per a predecided randomiza-
tion order using the random number tables on the
GraphPad Prism application.
All patients underwent their respective interventions

on the day of the presentation. Eyes in Group A (PPV)

underwent a 25-gauge three-port PPV + intravitreal
antibiotics (IVAB) as the primary intervention. PPV
was performed by one of the two senior vitreoretinal
surgeons (AS and SS). The infusion was switched on
after obtaining an undiluted vitreous sample. A poste-
rior vitreous detachment was performed if not present
and as much of the peripheral vitreous was removed as
possible without scleral indentation. Eyes in Group B
(T&I) underwent a 25-gauge single-port vitreous biopsy
+ IVAB as the primary intervention. All the eyes
received IVAB as 0.1 mL (1 mg/0.1 mL) of vancomy-
cin + 0.1 mL (2.25 mg/0.1 mL) of ceftazidime. A 0.5-
mL undiluted vitreous sample was collected for all the
patients. This sample was sent in a sterile vial and
nutrient broth for microbiological analysis.
All the patients were reevaluated on postinterven-

tion days 1, 3, 7, 14, 28, and 42. The decision to retreat
was taken 48 to 72 after the primary intervention. Eyes
showing worsening of anterior segment inflammation
and/or media haze from baseline, as per the clinical
judgment of two senior vitreoretinal surgeons (AS and
SS), were advised retreatment. Eyes in Group B were
advised PPV along with repeat IVAB while those in
Group A underwent a repeat IVAB.
The primary end points were the mean change in

BCVA at 7 days and 42 days and the proportion of
patients achieving BCVA .6/18 at 42 days in each
group. Secondary end points were reintervention rate
and proportion of patients with persistent media haze
at the end of 6 weeks.
To look for the effect of delay in PPV on outcomes,

a subgroup analysis was performed comparing the
outcomes of eyes that underwent immediate PPV
(Group A eyes) with delayed PPV (Group B eyes
with reintervention).

Statistical Analysis

The sample size was calculated based on the
expected change in the final BCVA. In a similar
protocol,7 23% of patients achieved a final BCVA of
20/40 after early PPV, which is lower than that reported
in another series (40%–91%).5,6 Applying these to the
sample size formulae, the sample size was calculated as
40 with 80% power and a 5% significance level.
For the feasibility of analysis, we converted Snellen

acuity to LogMAR acuity. We applied the Fisher exact
test to compare the categorical outcome variables and
the nonparametric Mann–Whitney U test to compare
the continuous ones between the two groups of
patients. Frequencies and percentages summarized
categorical variables, and continuous variables were
summarized by means and standard deviations. Sta-
tistical analysis was performed using R version 4.0.5.
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Table 1. Demographic Data, Baseline Clinical Features, and Baseline Visual Acuity

Data
Group A (Immediate Pars

Plana Vitrectomy)
Group B

(Tap and Inject) P, Statistical Tests

Mean age in years (range) 59.81 (32–72) 61.54 (45–74) 0.56, Mann–Whitney U test
Sex 0.79, Fisher exact test
Male 14 (53.85%) 15 (48.38%)
Female 12 (46.15%) 16 (51.62%)
Type of surgery 0.67, Fisher exact test
SICS 19 (73.08%) 23 (74.19%)
Phacoemulsification 7 (26.92%) 8 (25.81%)
Clinical Charateristics
Mean duration of symptoms
in days (range)

7.88 (1–23) 7.1 (1–25) 0.41, Mann–Whitney U test

Corneal edema 6 (23.08%) 5 (16.13%) 0.52, Fisher exact test
Hypopyon 16 (61.54%) 16 (51.61%) 0.5, Fisher exact test
Bag exudates 7 (7.25%) 7 (22.58%) 0.76, Fisher exact test
Fibrin in AC 21 (80.77%) 23 (74.19%) 0.75, Fisher exact test
Mean intraocular pressure
(range)

13.65 mmHg (8–24) 13.35 mmHg (7–20) 0.99, Mann–Whitney U test

Media haze 0.75, Fisher exact test
Vitreous haze 0 1(3.85%) 0 (0%)
Vitreous haze 1 5 (19.23%) 4 (12.90%)
Vitreous haze 2 4 (15.38%) 5 (16.13%)
Vitreous haze 3 3 (11.54%) 8 (25.81%)
Vitreous haze 4 7 (26.92%) 7 (22.58%)
Vitreous haze 5 6 (23.08%) 7 (22.58%)
Baseline visual acuity
Visual acuity at presentation
with endophthalmitis

1.5 LogMAR (Snellen
equivalent ,6/60)

1.24 LogMAR (Snellen
equivalent ,6/60)

0.08, Mann–Whitney U test

ETDRS letter count at
baseline

25.19 38.23 0.08, Mann–Whitney U test

Fig. 1. A line diagram showing
the visual acuity trend (in
LogMAR) over the 6-week
follow-up duration in the eyes
that underwent PPV (Group A
—solid line) and T&I (Group B
—dotted line). Group A shows
a faster visual recovery, and
Group B shows an improving
trend in visual acuity after re-
interventions at POD 3.
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Results

During the 18-month study period, of 164,366
patients who underwent cataract surgery, 84 patients
were diagnosed with acute PCE. The incidence of
endophthalmitis was noted to be 0.051%. Of these, 60
eyes of 60 patients met the study’s inclusion and exclu-
sion criteria. Three patients did not give consent to
receive treatment as per protocol and were excluded.
The remaining 57 eyes were randomized to either
immediate PPV (n = 26) or immediate IVAB (n = 31).
The mean age was 60.7 6 8.3 years (range, 32–74

years). The baseline demographics were comparable
between the two groups (Table 1). The distribution
of presenting signs of inflammation in the form of
aqueous cells and flare was similar in both the groups
(P = 0.11 and P = 0.31, respectively, Fisher exact test).
Similarly, the distribution of posterior segment inflam-
mation and media haze at presentation was similar
between the two groups (P = 0.75, Fisher exact test)
(Table 1).

Visual Acuity Outcomes

Although the mean baseline BCVA was slightly better
in Group B, the difference was not statistically significant
(P= 0.08) (Table 1). There was no significant difference
between the mean visual acuity in each group on post-
operative days 7 or 42 (P values = 0.18 and 0.209,

respectively, Mann–Whitney U test) (Figure 1). How-
ever, there was a significant difference in the mean
change in BCVA (letter gain) from presentation to
postintervention days 7 and 42 between the two groups
in favor of Group A (Table 2). At the final follow-up, the
proportion of patients who achieved a BCVA beyond 6/
18 (0.5 LogMAR) in Group A was 88% and 65% in
Group B (P = 0.06, Fisher exact test).
On subgroup analysis of eyes that underwent imme-

diate (n = 26) versus delayed PPV (n = 12), at the
baseline, there was no significant difference in the mean
visual acuity and visual acuity distribution. However, at
1 week, the mean visual acuity was better in the imme-
diate PPV group (P = 0.086) and a higher proportion of
eyes in this group had .6/18 vision (P = 0.003). The
mean visual acuity at the final follow-up was signifi-
cantly better (0.14 vs. 0.45, P = 0.04, Mann–Whitney U
test) in the immediate PPV compared with delayed PPV
subgroups (Table 3). In addition, at the final follow-up,
the proportion of patients with BCVA greater than 6/18
(0.5 LogMAR) was significantly higher in the immedi-
ate PPV subgroup (84.61%) compared with the delayed
PPV subgroup (33.33%) (P = 0.004, Fisher exact test)
(Table 4).

Reinterventions

The percentage of eyes needing reintervention was
significantly higher in Group B [12/31 (39%)] compared
with Group A [2/26 (8%)] (P = 0.012, Mann–Whitney U

Table 2. Mean Letters Gain Visual Acuity in Each Group (ETDRS Letters)

Baseline Letter Count at
Presentation

Letter Gain at POD 7 (Letter
Count at POD 7—Baseline

Letter Count)

Letter Gain at POD 42 (Letter
Count at POD 42—Baseline

Letter Count)

Group A (primary pars plana
vitrectomy)

25.19 47.69 (72.88–25.19) 66.36 (93.19–25.19)

Group B (primary tap and
inject)

38.23 28.23 (66.45–38.23) 43.36 (85.64–38.23)

P value 0.08 0.005 0.02

Table 3. Comparison of the Visual Acuity Trend Between the Primary Vitrectomy and Delayed Vitrectomy (Group IVAB
Patients Who Required Reintervention as a Delayed PPV Within 72 hours)

Baseline
Day 7 Mean Visual
Acuity (LogMAR)

Day 7 Gain in Mean
Visual Acuity
(LogMAR)

Day 7 Mean Visual
Acuity (LogMAR)

Final Gain in Mean
Visual Acuity
(LogMAR)

Primary vitrectomy
(26)

1.5 0.53 20.96 0.14 21.33

Delayed
vitrectomy8

1.38 0.99 20.38 0.45 20.67

P value (Mann–
Whitney U test)

0.7 0.004 0.009 0.069 0.01
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test). Similarly, the average number of reinterventions
per eye was significantly higher in Group B (0.37)
compared with Group A (0.08) (P = 0.006, Mann–
Whitney U test) (Table 5). The mean time to re-
intervention was 2.5 days in Group A (range, 2–3 days)
and 2.8 days in Group B (range, 2–4 days). The eyes
presenting with HM vision needed a greater number of
interventions in the IVAB group as compared with the
immediate PPV group (Table 6). Table 7 summarizes the
statistical significance of this difference.
The distribution of vitreous haze grading was

similar between the groups at the baseline. At the last
follow-up, two eyes in Group B had a vitreous haze of
Grades 1 and 2. By contrast, none in Group A had
persistent vitreous haze. The mean intraocular pressure
at baseline and that at the final follow-up were
comparable between both the groups (P = 0.99 and
P = 0.27, Mann–Whitney U test). One patient in
Group A had primary angle-closure glaucoma and
needed antiglaucoma medication. One patient in
Group B had a final intraocular pressure of 4 mmHg
and needed permanent silicone oil fill. In addition, one
patient in Group B developed retinal detachment.
The overall culture positivity rate was 26.32%. In

Group A, six of 26 eyes compared with nine of 31
eyes in Group B were culture-positive. The rate was
similar between the two groups (23.08% vs. 29.03%,
respectively; P value = 0.76, Fisher exact test). Posi-
tive cultures were not obtained from any of the eyes
that underwent reintervention. The most common
organisms isolated were Gram-positive cocci (90%
on stain and 46% on culture). Staphylococcus epider-
midis was the most common isolate seen in four sam-
ples (2 eyes in each group) (Table 8).

Discussion

In this study, we aimed to compare the outcomes of
immediate PPV and T&I in patients with acute PCE
presenting with BCVA between HM and 6/18. Most of

our patients underwent small-incision cataract surgery.
We found that although patients in both groups had a
comparable mean visual acuity at 7 days and 42 days
postintervention, the mean change in the visual acuity
(ETDRS letters) was significantly higher in the PPV
group. Moreover, nearly 40% of patients required re-
treatment in the T&I group compared with just 10% of
patients in the PPV group. We also noted that eyes
undergoing immediate vitrectomy had significantly
better visual acuity gains at 6 weeks as compared with
those that underwent delayed PPV.
The Endophthalmitis Vitrectomy Study1 observed

that in the subgroup of patients presenting with BCVA
better than or equal to HM, the chance of achieving a
BCVA better than 20/40 at the 9-month follow-up was
similar for patients in both the treatment groups (64%
vs. 62%). They recommended T&I in eyes with visual
acuity equal to or better than HM. However, the find-
ings of Endophthalmitis Vitrectomy Study were influ-
enced by the protocol of performing a limited
vitrectomy and a lack of early postoperative outcome
analysis. In this study, a more extensive PPV was
performed including PVD induction and base
dissection as far as possible. With the availability of
microincision vitreoretinal surgery and faster recovery
post-PPV, it is prudent to revisit the benefit of imme-
diate PPV using microincision vitreoretinal surgery
over immediate T&I, especially during the early post-
operative period.
In this study, a greater improvement in vision was

seen in the patients Group A during the early post-
intervention period compared with the patients in
Group B (Figure 1). Although the final mean vision

Table 4. Subgroup Analysis of Primary PPV Versus Delayed PPV

HM CF-6/60 .6/60–6/18 .6/18 P

Baseline
Group A (26) 15 (57.69%) 7 (26.92%) 4 (15.38%) 0 (0) 0.718
Delayed PPV8 7 (58.33%) 2 (16.67%) 3 (25%) 0 (0)

1-week follow-up
Group A (26) 1 (3.85%) 2 (7.70%) 10 (38.46%) 13 (50%) 0.086
Delayed PPV8 3 (25%) 1 (8.33%) 6 (50%) 2 (16.67%)

6-week follow-up
Group A (26) 0 (0) 1 (3.85%) 3 (11.54%) 22 (84.62%) 0.004
Delayed PPV8 2 (16.67%) 2 (16.67%) 4 (33.33%) 4 (33.33%)

Table 5. Retreated Patients

Retreatment Group A (26) Group B (31) Total P

Yes 2 (7.70%) 12 (38.70%) 14 0.012
No 24 (92.30%) 19 (61.29%) 43
Total 26 31 57
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was similar in both the groups, the visual gain
(ETDRS letters) was significantly higher for the
patients in Group A compared with the patients in
Group B at each evaluation time point (Table 2).
The eyes that underwent delayed vitrectomy did show
improvement. However, the final visual acuity was
significantly better in eyes that underwent immediate
vitrectomy. It is well known that PPV not only helps in
reducing the microbiological load but also reduces the
inflammatory cytokines, and both aid in reducing the
tissue damage and improve outcomes.2

Altan et al7 reported better visual outcomes with
immediate PPV compared with immediate intravitreal
injection in eyes with HM or better vision. Their cri-
teria for immediate PPV in these eyes included the
presence of diabetes, absence of red reflex, presence
of an afferent pupillary defect, and hypopyon of
.1.5 mm. Similarly, a retrospective study by Crosby
et al4 reported a better mean visual improvement in the
primary PPV group compared with the primary tap
and inject group. They noted a significant difference
in median gain in the visual acuities between the two
groups in favor of early PPV (P = 0.02). More
recently, Tabatabaei et al5 in a prospective non-
randomized study demonstrated significantly better
visual outcomes with early PPV compared with T&I
at a 6-month follow-up. This study only included eyes
presenting with HM vision, and the results corroborate
well with our study.
The guidelines for the management of acute post-

operative endophthalmitis published by the European
Society of Cataract and Refractive Surgery recom-
mended immediate complete vitrectomy including in
eyes with visual acuity better than PL.9 More recently,
the European Vitreo-Retinal Society Endophthalmitis
Study Report 210 showed that despite the increasing

use of vitrectomy in the treatment of PCE, the visual
outcomes between PPV and T&I alone may be similar.
However, even in this report, more patients in the PPV
(14.7%) group had a final vision of .20/25 compared
with the T&I group (3.6%), suggesting the advantage
of PPV over IVAB in selected patients.
A recent meta-analysis of 15 case series showed

T&I noninferior to PPV in the management of post-
cataract, postintravitreal injection, and post-PPV en-
dophthalmitis, and the inclusion criteria varied in
these studies.6 However, in our study that included
only acute postcataract surgery endophthalmitis, the
proportion of patients achieving visual acuity better
than 6/18 was higher in Group A compared with
Group B (P = 0.06). The difference just approached
statistical significance. We speculate that the lack of
statistical significance in our series could be because
almost 40% of patients who underwent T&I received
delayed PPV. Moreover, on comparing eyes that
underwent immediate PPV with those that underwent
delayed PPV after primary IVAB, we noted a signif-
icantly greater improvement in the final visual acuity
in favor of the former at 6 weeks.
It is difficult to do a direct comparison of results

across these studies because of the heterogeneity of the
sample, differences in inclusion and exclusion criteria,
and outcome measures. However, it does seem likely
that early PPV may provide superior outcomes,
particularly during the early postintervention period,
while delaying PPV may result in suboptimal out-
comes in some of the cases.
In this study, a greater proportion of eyes in Group

B needed reintervention (39%) compared with Group
A (10%, P = 0.09). Similarly, a much higher number
of retreatments per eye were required in Group B
patients (P = 0.006). Our data suggest that eyes under-
going immediate PPV were more likely to benefit from
a single intervention than those undergoing initial
IVAB. The greatest benefit of immediate PPV was
seen in eyes presenting with visual acuity of HM.
In congruence with our results, other studies10–12

have also reported a greater need for reinterventions
in eyes undergoing primary intravitreal injections com-
pared with primary vitrectomy. Even Endophthalmitis
Vitrectomy Study showed that significantly more eyes
needed retreatments in eyes undergoing T&I compared
with vitrectomy.8 Inadequate clearing of bacteria with

Table 6. Distribution of Retreated Patients as per the
Baseline Visual Acuity

Presenting
Visual Acuity

Retreated
Group A
(2/26)

Retreated
Group B
(12/31) Total P

HM 1 (1/15)–6% 7 (7/13)–53% 8 0.692
CF–6/60 1 (1/7)–14% 2 (2/9)–22% 3
.6/60–6/18 0 (0) 3 (3/9)–33% 3
Total 2 12 14

Table 7. Retreatment in Patients With HM Vision

Presenting Visual Acuity (HM) Group A Group B Total P (Fisher Exact Test)

Retreated 1 (1/15)–6% 7 (7/13)–53% 8 0.010
Not retreated 14 (14/15)–93.3% 6 (6/13)–46.1% 20
Total 15 13 28

PPV FOR POSTCATARACT ENDOPHTHALMITIS � SEN ET AL 945

Copyright © by Ophthalmic Communications Society, Inc. Unauthorized reproduction of this article is prohibited.

D
ow

nloaded from
 http://journals.lw

w
.com

/retinajournal by 3X
vZ

oI68w
pkpurjW

IX
oboeIze1W

iO
bzeG

ru6hK
gsV

qK
il08K

rD
crLZ

joaJV
S

fQ
D

K
B

G
2kbw

6M
9JjN

S
U

11czF
U

N
X

+
u0V

m
/pktX

Q
+

M
G

tG
2Y

/jD
m

B
gI8D

X
V

R
lY

Y
aaY

7V
Q

hdC
A

jL0N
U

L9C
J0=

 on
06/06/2023



intravitreal injections alone may be the reason for the
need for more reinterventions with T&I.4,5,12

We noted almost similar improvement in media clarity
in both groups at the final follow-up. Again, this could
be because almost 40% of the eyes in the initial tap and
injection group underwent secondary PPV.
Poor anatomical outcomes were seen in three eyes

in Group B. However, it is hard to conclude whether
this was due to a delay in PPV in these eyes because of
the smaller sample size. However, none of the eyes
undergoing primary PPV had poor anatomical out-
comes, suggesting that the procedure is safe.
Our study was limited by a small sample size.

Owing to a low incidence of endophthalmitis, it was
difficult to obtain a large sample size from a single
center. Although we did stratify the patients based on
baseline media haze, we could not do a meaningful
statistical analysis because of the small number.
Finally, the reintervention criteria were not completely
objective and depended on the treating surgeon’s clin-
ical judgment.
Despite these limitations, our study showed early

visual rehabilitation in the PPV group, a greater
number of reinterventions in the early tap and inject
group, and poorer outcomes in the delayed PPV group.
With the ever-increasing expectations of patients
undergoing cataract surgery, it would be prudent to
subject these eyes to early vitrectomy rather than
delayed vitrectomy to achieve a faster recovery.

Conclusion

PPV resulted in earlier recovery, lesser interven-
tions, and greater change in visual acuity than T&I in
eyes with PCE presenting with visual acuity of $HM.
Although the overall final visual acuity was similar
between the two primary groups, delaying PPV may
adversely affect the outcomes.

Key words: endophthalmitis, cataract surgery, pars
plana vitrectomy, intravitreal antibiotics.
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Table 8. Distribution of Microorganisms

Organism Group A Group B

Gram-positive cocci 4 (15.38%) 4 (12.90%)
Gram-positive bacilli 2 (7.69%) 4 (12.90%)
Gram-negative bacilli 1 (3.85%) 1 (3.23%)
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CLINICAL OUTCOMES OF ACUTE
ENDOPHTHALMITIS AFTER
INTRAVITREAL DELIVERY OF VASCULAR
ENDOTHELIAL GROWTH FACTOR
INHIBITORS VERSUS STEROIDS

OLUFEMI E. ADAMS, MD,* GUNEET S. SODHI, MD,† TOMMASO VAGAGGINI, MD,†
ZEESHAN HAQ, MD,† CHRISTIAN D. CURRAN, MD,* MICHAEL L. PRAIRIE, BA,‡
SANDRA R. MONTEZUMA, MD,* DARA D. KOOZEKANANI, MD, PHD,* EDWIN H. RYAN, MD,*†
DAVID WILKIN PARKE III, MD,*† ROBERT A. MITTRA, MD,† PETER H. TANG, MD, PHD*†

Purpose: To compare patients with acute endophthalmitis after intravitreal injection of
vascular endothelial growth factor (VEGF) inhibitors vs. steroids.

Methods: Retrospective single-center, nonrandomized interventional study from 2013 to
2021.Patients underwent vitreous biopsy before initiating treatment and were divided into
the following cohorts: (1) anti-VEGF managed medically (T&I–anti-VEGF), (2) anti-VEGF
managed by immediate pars plana vitrectomy (PPV–anti-VEGF), and (3) steroid therapy
and managed medically or by pars plana vitrectomy (steroid).

Results: A total of 141 patients were analyzed. The steroid cohort demonstrated
significantly worse presenting (median = 2.80 logarithm of the minimum angle of reso-
lution [logMAR]; P # 0.01) and final (median = 2.30 logMAR) best-corrected visual acuity
compared with T&I–anti-VEGF (presenting: median = 2.00 logMAR; final: median = 0.40
logMAR) and pars plana vitrectomy–anti-VEGF cohorts (presenting: median = 2.30
logMAR; final: median = 0.48 logMAR). There was no significant (P = 0.33) difference in
the final best-corrected visual acuity between T&I–anti-VEGF and pars plana vitrectomy–
anti-VEGF cohorts. There were no significant (P $ 0.63) differences among cohorts in
best-corrected visual acuity before acute endophthalmitis diagnosis (T&I–anti-VEGF:
median = 0.40 logMAR; pars plana vitrectomy–anti-VEGF: median = 0.40 logMAR; ste-
roid: median = 0.44 logMAR). Microbial cultures revealed similar profiles for all cohorts.

Conclusion: Acute endophthalmitis after intravitreal injection steroid therapy had worse
outcomes compared with anti-VEGF therapy.

RETINA 43:947–954, 2023

A feared complication of any intraocular procedure is
acute infectious endophthalmitis (AE), commonly

caused by introduction of bacteria into the eye, which
can result in devastating loss of vision or loss of the eye

itself.1 This condition is an ophthalmic emergency and
requires antibiotics and/or surgical intervention. As a
result, landmark studies such as the Endophthalmitis
Vitrectomy Study2 and the European Society for Cata-
ract and Refractive Surgery Study3 have been under-
taken to reduce the incidence of and develop effective
treatment algorithms for AE, respectively, in commonly
performed procedures such as cataract surgery.
Intravitreal injection (IVI) of therapeutics is used for

a wide spectrum of posterior segment diseases such as
exudative age-related macular degeneration, diabetic
macular edema, and retinal vein occlusion.4 Among
medications delivered, vascular endothelial growth
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ences, University of Minnesota Medical School, Minneapolis, MN;
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factor (VEGF) inhibitors are the most common and
have been shown to have a low AE incidence
(0.016%).5 Other agents such as steroids are less com-
monly used; however, they play an important role in
therapy.6 Previous studies have reported the incidence
of AE from steroids ranging from 0.10%7 to 0.87%.8 It
is unclear whether these higher rates relative to anti-
VEGF therapy are due to the use of larger-caliber
needles, variations in techniques, or lower statistically
powered studies because the sample size for steroid
therapy is often smaller.
Early inhibition of local immune response to combat

exogenous bacteria from IVI steroid therapy could
contribute to higher AE incidence rates. Furthermore,
this could potentially lead to more serious disease when
compared with anti-VEGF therapy. Although numerous
case reports describe clinical features of AE after IVI
steroid therapy9–13, there has been no direct comparison
between IVI anti-VEGF therapy and IVI steroids when
these common procedures are complicated by AE. Our
aim was to evaluate and compare the clinical presenta-
tions and outcomes of IVI-related AE in patients receiv-
ing steroids versus anti-VEGF agents.

Methods

Design

This retrospective cohort study was conducted
according to the Declaration of Helsinki and the US
Health Insurance Portability and Accountability Act of
1996 with Institutional Review Board approval by
Allina (Reference:1881491). This study was HIPAA-
compliant and conducted at a multiprovider, multi-
location, single-subspecialty (retina-only) institution
(Retina Consultants of Minnesota) located within
metropolitan Twin Cities of Minneapolis/St. Paul in
Minnesota, USA.

Inclusion/Exclusion Criteria

Billing data from January 1, 2013, through December
31, 2021, were queried for International Classification of
Disease revision 10 code H44.X (purulent endoph-
thalmitis) of right (X = 0.001) and left (X = 0.002)
eyes and International Classification of Disease revi-
sion 9 code 360.01 (AE). Charts were retrospectively
reviewed, and cases with AE occurring within 3
weeks after IVI anti-VEGF or steroid treatments
were included. Patients with AE related to IVI ther-
apy performed by us and external referring physi-
cians were included.
All patients underwent either vitreous biopsy (“vit-

reous tap”) before antibiotic therapy in clinic or at the

time of surgery by pars plana vitrectomy (PPV). The
sample was sent for Gram stain and microbial culture.
If vitreous tap was unsuccessful, anterior chamber par-
acentesis was performed. All patients received treat-
ment either in clinic or were brought to surgery on the
same day as presentation.
The treatment choice was dependent on the

clinical judgment of the treating physician. Patients
were categorized into cohorts: (1) those who
received vitreous tap & IVI of antibiotics in clinic
after anti-VEGF therapy (T&I–anti-VEGF cohort);
(2) those who underwent PPV with intraocular
antibiotics after anti-VEGF therapy (PPV–anti-
VEGF cohort); and (3) those who underwent either
surgical or clinic-based treatment after steroid ther-
apy (steroid cohort).
Patients with any history of intraocular or extra-

ocular surgery within 1 year of receiving their last IVI
of anti-VEGF agent or steroids were excluded. Cases
were excluded if AE developed after trauma. Patients
who were treated for AE with follow-up durations less
than 6 months were excluded.

Injection Technique

The IVI technique applied only to patients treated
by our group. Anti-VEGF agents included bevaci-
zumab (Genentech, South San Francisco, CA),
ranibizumab (Genentech), aflibercept (Regeneron,
Tarrytown, NY), and brolucizumab (Novartis, Cam-
bridge, MA). Steroid agents included triamcinolone,
dexamethasone implant (Allergan, Dublin, Ireland),
0.19 mg fluocinolone implant (Alimera, Alpharetta,
GA), and 0.18 mg fluocinolone implant (EyePoint,
Watertown, MA). Facemasks were not universally
used until March 2020 after coronavirus disease
2019 pandemic precautions were implemented.
Before universal facemask policy, talking during
injection was minimized. Topical anesthetic (0.5%
proparacaine), viscous anesthetic (0.5% tetracaine),
and subconjunctival 2% lidocaine were used. Top-
ical 5% povidone–iodine (Betadine) was used to
prepare the eye. All anti-VEGF agents were injected
through pars plana (PP) using 30-gauge short nee-
dle, while steroids were injected using 22-gauge
(dexamethasone), 25-gauge (0.18 and 0.19 mg fluo-
cinolone), or 27-gauge needle (triamcinolone). Var-
iation in technique included differences in injection
location (majority being superotemporal quadrant
and minority in inferotemporal quadrant) and having
eyelids held open with a speculum. Eyelashes were
kept out of field, and no blink was allowed after the
last Betadine drop was placed.
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Tap and Injection

All eyes received immediate vitreous tap through PP
followed by injection of vancomycin (1.0 mg/0.1 mL)
and ceftazidime (2.25 mg/0.1 mL). Vitreous tap
involved inserting a short 25-gauge or 27-gauge
needle to aspirate the sample. If adequate sample
could not be obtained, AC paracentesis was performed
using a short 30-gauge needle at corneal limbus.
Adjuvant intravitreal steroids were not administered.
Topical steroid and antibiotic drops were prescribed,
and patients were followed daily until clinical
improvement.

Pars Plana Vitrectomy

Patients were anesthetized using retrobulbar block
in the periorbital space. The eye was prepped and
draped in the usual sterile fashion, and the eyelid
speculum was inserted. PPV (23 or 25 gauge) was
performed, and all opacified vitreous was removed.
Undiluted vitreous sample with infusion line turned off
was sent for Gram stain and culture at the initiation of
surgery. Peripheral vitreous was shaved with the aid of
scleral depression. Inspection was performed, and any
retinal breaks were demarcated with laser retinopexy.
Partial or complete air–fluid exchange was performed
at the discretion of the surgeon. Leaking sclerotomy
wounds were sutured with 6-0 plain gut. At conclu-
sion, vancomycin (1.0 mg/0.1 mL) and ceftazidime
(2.25 mg/0.1 mL) were injected through PP with a
short 30-gauge needle.

Variables of interest

Characteristics included age, sex, diabetes mellitus
status, and indication for IVI. Signs, symptoms, and
clinical findings on presentation included hypopyon,
intraocular pressure, duration of symptoms (i.e., pain,
redness, vision loss, photophobia, or floaters), and
time between IVI and diagnosis of presumed AE.
Baseline Snellen best-corrected visual acuity (BCVA)
was obtained from the visit where patients received the
IVI that was presumed to have caused AE. Presenting
Snellen BCVA was obtained from the visit where
patients were diagnosed with AE by our clinic. The
final Snellen BCVA was determined at the longest
postprocedural visit. Information about the therapeutic
agent that patients received before presumed AE,
culture growth results, initial treatment (T&I vs.
PPV), and follow-up duration were collected.

Statistical Analysis

Statistical analysis was performed on JMP software
(SAS Institute, Cary, NC). Snellen BCVA was
converted to logarithm of the minimum angle of
resolution (logMAR) units with logMAR values for
“light perception,” “hand motion,” and “counting fin-
gers” assigned values of 2.7, 2.3, and 2.0, respec-
tively.14 Comparison of categorical variables
between two cohorts was performed using the 2-
tailed Fisher exact test. Continuous quantitative var-
iables including age, duration of symptoms, and log-
MAR BCVA were nonnormal using the Shapiro–
Wilk test. The median test using median rank scores
was used for comparisons involving logMAR BCVA.
Other nonnormal distributions were compared using
the Mann–Whitney U test. Multivariate analysis by
least squares fitting was used to study the influence of
continuous variables on final BCVA: baseline and
presenting BCVA, time from initial IVI therapy to
treatment, and age. For all tests, P value , 0.05 was
statistically significant.

Results

Baseline Characteristics

Querying billing data for International Classification
of Disease-9 and ICD-10 codes for a 9-year period
generated 492 patients. After excluding patients with
AE unrelated to IVI and without at least 6 months of
follow-up, a total of 141 patients were analyzed.
Patients underwent vitreous biopsy before initiating
treatment and were divided into the following cohorts:
(1) anti-VEGF managed medically (T&I–anti-VEGF),
(2) anti-VEGF managed by immediate pars plana vit-
rectomy (PPV–anti-VEGF), and (3) steroid therapy
managed medically or by PPV (steroid).
The mean age of study sample was 81.81 years

(SD, 11.51), and 66.90% of the patients were male.
Approximately 17.61% of patients were referrals to
our practice, and 26.76% had a diagnosis of type 1 or
2 diabetes mellitus. The mean duration that presumed
AE was diagnosed after IVI was 4.94 days (SD,
4.07), and the mean duration of symptoms experi-
enced by the patient was 2.10 days (SD, 1.82).
Approximately 70.42% of the study population were
pseudophakic, and 54.61% demonstrated positive
culture growth.
Various characteristics are summarized in Table 1.

There were no significant differences among the three
cohorts regarding age (P = 0.89), duration from IVI
therapy (P = 0.90), or duration of symptoms experi-
enced by the patient (P = 0.88). A significantly (P ,
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0.01) greater proportion of the steroid cohort presented
with intraocular pressure above 25 mmHg and with the
presence of hypopyon compared with other cohorts at
the time of diagnosis of presumed AE.

Incidence of Acute Endophthalmitis

Patients with presumed AE after IVI therapy by
both our practice (internal) and by referring physi-
cians (external) were included. Excluding external
patients, our practice performed 117 IVI procedures
that resulted in AE, divided into anti-VEGF and
steroid treatments of 109 and 8, respectively. During
this time, our practice performed 596,574 and 5,864
IVI anti-VEGF and steroid treatments, respectively.
We found that our incidence of presumed AE after
IVI therapy of steroids (0.136%) was significantly
greater (P , 0.01) compared with anti-VEGF agents
(0.018%).

Microbial Culture Results

Samples collected by vitreous tap, AC paracentesis,
or PPV were sent for microbial analysis. Of the 141
samples obtained, we observed 79 positive cultures,
divided into 21, 44, and 14 cultures for T&I–anti-
VEGF, PPV–anti-VEGF, and steroid cohorts, respec-
tively. Therefore, positive culture growth was
observed in 32.81%, 69.84%, and 100% of collected
samples from T&I–anti-VEGF, PPV–anti-VEGF, and
steroid cohorts, respectively (Table 1).
Of the 21 patients with culture-positive results from

the T&I–anti-VEGF cohort, nine were obtained by AC
paracentesis and 12 were by vitreous tap. Within the
steroid cohort, we obtained positive culture growth in

samples collected from all 14 patients, of which 12
underwent PPV biopsy and two underwent vitreous
tap. Thus, a total of 39 patients in the entire study (all
belonging to the T&I–anti-VEGF cohort) underwent
AC paracentesis to produce nine positive cultures,
yielding a rate of 23.08%. Vitreous tap from a total of
27 patients (25 from T&I–anti-VEGF cohort and two
from steroid cohort) produced 14 positive cultures,
yielding a rate of 51.85% which was significantly
(P , 0.01) greater than AC paracentesis. Finally, PPV
biopsy from a total of 63 patients produced 44 positive
cultures, yielding a rate of 69.84% which was signif-
icantly (P , 0.01) greater than vitreous tap.
Identification of the causative bacteria from biopsy

samples showed the majority to be coagulase-negative
staphylococcus across all three cohorts (T&I–anti-
VEGF = 78.95%, PPV–anti-VEGF = 79.55%, steroids
= 78.57%; Figure 1). The remainder of identified
organisms were evenly divided (5.26%) among Ser-
ratia marcescens, methicillin-sensitive Staphylococcus
aureus, methicillin-resistant Staphylococcus aureus,
and Streptococcus pneumoniae in the T&I–anti-
VEGF cohort (Figure 1A). As for the PPV–anti-VEGF
cohort, the next most prevalently identified bacteria
were methicillin-sensitive Staphylococcus aureus
(4.54%), Streptococcus mitis (4.54%), and Cutibacte-
rium acnes (4.54%; formerly Propionibacterium
acnes), followed by Streptococcus pneumoniae
(2.27%), Streptococcus salivarius (2.27%), and Pseu-
domonas aeruginosa (2.27%; Figure 1B). For the ste-
roid cohort, the remainder of identified bacteria were
evenly divided (7.14%) among methicillin-sensitive
Staphylococcus aureus, Streptococcus pneumoniae,
and Hemophilus influenza (Figure 1C).

Table 1. Baseline Characteristics of Cohorts

T&I–anti-VEGF PPV–anti-VEGF Steroids

No. of patients 64 63 14
Male sex (%) 73.44 66.67 42.86
External patients (%) 14.06 15.87 42.86
Age (years) mean 6 SD 82.48 6 11.15 82.49 6 11.15 75.64 6 13.60
Diabetes mellitus (%) 25.00 26.98 35.71
Duration from IVI therapy (days),
mean 6 SD

5.56 6 3.58 4.81 6 4.57 3.79 6 1.19

Duration of symptoms (days), mean
6 SD

2.44 6 2.36 1.76 6 1.10 2.07 6 1.38

Pseudophakia (%) 71.88 73.02 50.00
Positive cultures (%) 32.81 69.84 100
IOP . 25 mmHg (%) 15.62 34.92 71.43
Presence of hypopyon (%) 59.38 76.19 85.71

Patients were divided into three cohorts: (1) patients who previously underwent IVI of anti-VEGF therapy who were biopsied in the clinic
(T&I–anti-VEGF cohort) or during surgery (PPV–anti-VEGF cohort) and those who underwent IVI of steroid therapy who were biopsied in
clinic or during surgery (steroid cohort). There was no significant difference among the three cohorts regarding age (P = 0.89), duration
from IVI therapy (P = 0.90), or duration of symptoms experienced by the patient (P = 0.88). Steroid cohort presented with significantly
greater proportion of patients with elevated IOP (P , 0.01) and presence of hypopyon (P , 0.01) compared with the other cohorts on
clinical examination.

950 RETINA, THE JOURNAL OF RETINAL AND VITREOUS DISEASES � 2023 � VOLUME 43 � NUMBER 6

Copyright © by Ophthalmic Communications Society, Inc. Unauthorized reproduction of this article is prohibited.

D
ow

nloaded from
 http://journals.lw

w
.com

/retinajournal by 3X
vZ

oI68w
pkpurjW

IX
oboeIze1W

iO
bzeG

ru6hK
gsV

qK
il08K

rD
crLZ

joaJV
S

fQ
D

K
B

G
2kbw

6M
9JjN

S
U

11czF
U

N
X

+
u0V

m
/pktX

Q
+

M
G

tG
2Y

/jD
m

B
gI8D

X
V

R
lY

Y
aaY

7V
Q

hdC
kxm

z5/ox5K
g=

 on
06/06/2023



Visual Acuity

There were no significant differences (P $ 0.63) in
BCVA measured at the initial visit where IVI therapy
was administered to have caused presumed AE (base-
line BCVA) among T&I–anti-VEGF (median = 0.40
logMAR; [20/50 Snellen]), PPV–anti-VEGF (median
= 0.40 logMAR; [20/50 Snellen]), and steroid cohorts
(median = 0.44 logMAR; [20/55 Snellen]; Figure 2A).
As for the BCVA at the initial diagnosis of presumed
AE (presenting BCVA), the PPV–anti-VEGF cohort
(median = 2.30 logMAR; [hand motion vision]) was
significantly (P , 0.01) worse compared with the

T&I–anti-VEGF cohort (median = 2.00 logMAR;
[counting fingers vision]) and the steroid cohort
(median = 2.8 logMAR; [light perception vision]) was
significantly (P = 0.01) worse compared with the PPV-
anti-VEGF cohort. Analysis of the final BCVA
showed no significant (P = 0.33) difference between
T&I–anti-VEGF (median = 0.40 logMAR; [20/50
Snellen]) and PPV–anti-VEGF cohorts (median = 0.48
logMAR; [20/60 Snellen]); however, there was a sig-
nificant (P , 0.01) decline in the steroid cohort
(median = 2.30 logMAR; [hand motion vision]). There
was no significant difference in the final BCVA for all
cohorts when analyzed by sex (P = 0.54) or by dia-
betes mellitus status (P = 0.62). There was a signifi-
cantly (P , 0.01) increased time to treatment by the
PPV–anti-VEGF cohort compared with the T&I–anti-
VEGF cohort; however, there were no significant
differences (P = 0.54) among these cohorts and the
steroid cohort.
BCVA was then reanalyzed only in patients with

culture-confirmed AE, and similar trends were identi-
fied (Figure 2B). Of note, there was no change in
BCVA values for the steroid cohort as we obtained
100% culture growth. Baseline BCVA analysis showed
no significant (P $ 0.50) differences among T&I–anti-
VEGF (median = 0.40 logMAR; [20/50 Snellen]),
PPV–anti-VEGF (median = 0.40 logMAR; [20/50
Snellen]), and steroid cohorts (Figure 2B). Presenting
BCVA analysis showed the PPV–anti-VEGF cohort
(median = 2.30 logMAR; [hand motion vision]) to be
significantly (P = 0.03) worse than the T&I–anti-VEGF
cohort (median = 2.00 logMAR; [counting fingers
vision]) and the steroid cohort to be significantly
(P = 0.02) worse than the PPV–anti-VEGF cohort. The
final BCVA analysis showed no significant (P = 0.61)
differences between the T&I–anti-VEGF (median =
0.40 logMAR; [20/50 Snellen]) and the PPV–anti-
VEGF cohorts (median = 0.48 logMAR; [20/60 Snell-
en]). However, the steroid cohort was significantly
worse when compared with both (P , 0.01).

Discussion

Our study included patients who were diagnosed with
AE after IVI anti-VEGF or steroid therapy performed by
our group and patients who were emergently referred for
management. We do not have access to referring
physician metrics, so we excluded external patients
when calculating our incidence rates. Our incidence for
internal patients after IVI anti-VEGF therapy was
0.018%, similar to what has been previously reported.5

For internal patients after IVI steroid therapy, our inci-
dence was 0.136%, which is also similar to what has

Fig. 1. Microbial culture growth results. Patients presenting with pre-
sumed AE underwent biopsy for microbial culture analysis, and positive
growth results are displayed with microbial identification and pro-
portional data. Cohorts included patients who previously underwent IVI
anti-VEGF therapy who were biopsied in clinic (T&I–anti-VEGF
cohort; A) or during pars plana vitrectomy surgery (PPV–anti-VEGF
cohort; B) and patients who previously underwent steroid therapy
(steroid cohort; C).
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been previously reported by Moshfeghi et al.8 We show
that the incidence of AE after IVI steroid therapy was
significantly greater than that after anti-VEGF therapy,
likely due to a combination of factors. We hypothesize
that some of these contributing factors include suppres-
sion of the local innate immune response by steroids,
thereby decreasing the ability of the eye to combat bac-
teria, as well as the fact that larger-caliber needles
required for steroid injections (22-gauge to 27-gauge)
pose greater risk of bacterial introduction and transmi-
gration when compared with smaller-caliber needles for
anti-VEGF agents (30-gauge).
Microbial cultures from biopsies showed coagulase-

negative staphylococcus to be the causative agent in
most cases, irrespective of patient previously receiving
anti-VEGF or steroid agents. This suggests that the

significantly worse presenting and final BCVA
observed after steroids could not be attributed to infec-
tions by more virulent pathogens. Instead, we believe
this further supports our hypothesis that IVI steroid
therapy suppresses ocular immune response, allowing
pathogens to go unchallenged. Additional evidence
comes from clinical examination at the time of diag-
nosis, where greater proportions of poststeroid patients
presented with elevated intraocular pressure and hypo-
pyon, both suggesting more advanced disease.2,5,15,16

As such, 12 of 14 patients in the steroid cohort
(85.71%) presented with enough worrisome findings
that prompted immediate surgical intervention. It is
important to note that there were no significant differ-
ences in baseline BCVA of patients before the diag-
nosis of AE, indicating that visual potential was

Fig. 2. Distribution of visual
acuity by cohort. Box and
whisker plot illustrating the
distribution of logMAR BCVA
among the T&I–anti-VEGF
(black box), PPV–anti-VEGF
(gray box), and steroid cohorts
(white box) from the visit where
they initially received IVI ther-
apy that caused the presumed
AE (baseline), from the visit
where presumed AE was ini-
tially diagnosed (presenting),
and from the most recent visit
(final). When considering all
patients presenting with pre-
sumed AE (A), there was no
significant (P $ 0.63) differ-
ences among all three cohorts
for baseline BCVA (left); how-
ever, the PPV–anti-VEGF
cohort demonstrated signifi-
cantly (P , 0.01) worse pre-
senting BCVA compared with
the T&I–anti-VEGF cohort. The
steroid cohort also demonstrated
significantly (P # 0.02) worse
presenting BCVA compared
with the other cohorts (middle).
The final BCVA analysis did
not show significant (P = 0.33)
differences between the T&I–
anti-VEGF and PPV–anti-
VEGF cohorts; however, the
steroid cohort demonstrated
significantly (P , 0.01) worse
final BCVA compared with the
other cohorts (right). When
culture-negative patients were
excluded from analysis (B), the
previously described clinical
trends remained valid. Of note,
BCVA values for the steroid
cohort remained the same
between A and B because we
obtained 100% culture growth
from all biopsies performed for
these patients. P , 0.05 was
considered significant.
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similar among all patients analyzed. Further multicen-
ter studies are necessary to expand the numbers of
patients with AE after IVI steroid therapy to further
investigate.
We found that patients with presumed AE after anti-

VEGF therapy demonstrated similar clinical outcomes
irrespective of whether they were managed in clinic or
with surgery. This is in agreement with previously
reported findings from our group.5 Interestingly,
patients undergoing immediate surgery showed signif-
icantly worse presenting BCVA, likely due to selec-
tion bias, because clinical evidence of more advanced
disease would prompt urgent surgery. Thankfully,
there was no significant difference in visual outcomes
between the two cohorts.
A possible confounder is sterile endophthalmitis, an

ocular immune reaction to a noninfectious agent
introduced during IVI that is difficult to differentiate
from infectious endophthalmitis.17,18 This is a rare
occurrence that has been reported after IVI of all
anti-VEGF agents and steroids and may involve con-
taminants during drug preparation and/or from the
syringe.17,19,20 Sterile endophthalmitis did not affect
our data involving AE after IVI steroid therapy
because all 14 patients in this cohort were culture-
confirmed. Furthermore, when eliminating patients
without culture-confirmed AE, trends for our main
outcome results involving BCVA remained
unchanged.
Our biopsy data showed that diagnostic yield for

positive culture growth was significantly higher in
patients receiving vitreous tap or PPV biopsy com-
pared with AC paracentesis. This is in agreement with
previously reported data.21,22 A likely explanation is
that both vitreous tap and PPV biopsy produce greater
quantities of sample for diagnosis. Furthermore, both
techniques obtain biopsies directly from the posterior
segment where the initial insult originated (i.e., intro-
duction of pathogens into the vitreous cavity from
IVI). These factors would account for the greater yield
of positive culture growths.
There were several important limitations to our study.

Because this was a nonrandomized study, patients
presenting with more advanced disease were selected
for immediate surgical intervention, whereas those who
were treated in clinic had less severe disease. Our
sample size was relatively small due to the uncommon
nature of the disease. Furthermore, we used visual
performance at least 6 months after presumed AE
treatment as the main outcome measure, which may
cause unintended bias because many of our patients had
exudative age-related macular degeneration that could
progress over time. Although the role of steroids as
adjuvant therapy for AE remains controversial, our

current study does not attempt to address this.23–25

Finally, as the low incidence of AE after IVI therapy
meant that our small sample size depended heavily on
external patient referrals, this could have been a signif-
icant source of bias. It is likely that these patients were
referred to our practice for advanced management
because they presented with more advanced/serious dis-
ease. With external patients composing a greater pro-
portion of the steroid cohort (42.86%) compared with
the anti-VEGF cohorts (14.96% combined), this could
explain the large discrepancy in presenting and final
BCVA outcomes. Because excluding these patients
would severely underpower statistical calculations for
our study, this further highlights the need for a multi-
center prospective randomized trial to further investi-
gate this important question.
Our study is the first to directly compare the clinical

characteristics and outcomes of patients with pre-
sumed AE after IVI treatment with either anti-VEGF
or steroid agents. We found that patients with AE after
IVI steroid therapy presented with more advanced
disease and had worse clinical outcomes despite
immediate surgery. This highlights the need for
extreme caution when attempting to apply guidelines
from studies based on postcataract surgery AE such as
endophthalmitis vitrectomy study. We recommend
timely and aggressive therapy when these patients
initially present to maximize every opportunity for
salvaging vision in this devastating disease.

Key words: endophthalmitis, anti-VEGF, bevacizu-
mab, ranibizumab, aflibercept, dexamethasone, triam-
cinolone, infection, vascular endothelial growth factor,
avastin, lucentis, eylea, ozurdex.
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DO DAILY ACTIVITIES AFFECT GAS
TAMPONADE‒RETINA CONTACT AFTER
PARS PLANA VITRECTOMY?

A Computational Fluid Dynamics Study

TOMMASO ROSSI, MD,* MARIA GRAZIA BADAS, PHD,† FEDERICO ANGIUS, DENG,†
GIORGIO QUERZOLI, PHD†

Purpose: To calculate the retinal surface alternatively in contact with gas and aqueous
because of fluid sloshing during daily activities such as ocular saccade, turning the head,
standing up, and being a passenger of a braking car.

Methods: Fluid dynamics of aqueous and gas tamponade was reproduced using
computational methods using the OpenFOAM open-source library. The double-fluid
dynamics was simulated by the volume of fluid method and setting the contact angle at
the aqueous–gas–retina interface.

Results: Sloshing increased the retinal surface in contact with aqueous by 13% to 16%
regardless of fill rate and standing up determined the largest area of wet retina, followed by
car braking, head rotation, and ocular saccade (P , 0.001). All activities except the ocular
saccade determined a significant increase in the surface of retina in contact with the
aqueous (P , 0.005). Car braking induced the highest shear stress (6.06 Pa); standing
up determined the highest specific impulse and saccade the lowest.

Conclusion: Daily activities instantaneously reduce the amount of retina consistently in
contact with gas tamponade and increase shear stress giving aqueous a potential access
to the subretinal space regardless of patients’ compliance.

RETINA 43:955–963, 2023

Pars plana vitrectomy is the preferred surgical tech-
nique for many types of retinal detachment, espe-

cially in pseudophakic eyes and in the presence of
giant, multiple, or posterior retinal tears1 and macular
holes.2

Gas tamponade of varying duration is often injected
after pars plana vitrectomy3 to prevent aqueous from
accessing retinal tears4 until retinopexy establishes a

solid retinal adhesion because fluid leakage into the sub-
retinal space may lead to recurrent retinal detachment.
Patients are instructed to position after surgery so

that the retinal tear(s) contact the shrinking gas bubble
as long as possible.5 In fact, gas tamponade reabsorp-
tion exposes increasing retinal portions to aqueous that
may leak into the subretinal space through yet un-
sealed retinal tears.6

Although the gas–fluid interface and the fraction of
retinal surface in contact with gas at rest have been
thoroughly studied,7,8 less is known about the extent
of retinal surface affected by the sloshing of aqueous
because of eye and patients’ movements. During daily
activities, retinal tears contacting gas under static
conditions may temporarily fall under the air–fluid
interface, giving aqueous a potential access to the
subretinal space thus increasing the risk of recurrent
retinal detachment or retinal shifting.
The purpose of this study was to calculate the

extension of the retinal surface, temporarily wet by
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aqueous during daily activities, and as a function of
gas fill.

Materials and Methods

Computational Fluid Dynamics Model

A numerical model was implemented within
OpenFOAM9 to simulate the flow of the gas and
aqueous at rest and during the prescribed move-
ments. It consists in resolving the mass conservation
and Navier–Stokes equations together with an
additional transport equation for the water volume
fraction (volume of fluid technique10). The approach
has already been successfully applied to the study of
tamponades.11,12

The equations were solved over an unstructured
mesh (consisting of 350,000 hexahedral and tetrahe-
dral cells) generated by the “snappyHexMesh” tool,
included in the OpenFOAM library. Five layers of
hexahedral cells with progressively increasing height
at the eye surface were extruded from the eye surface.
The no-slip boundary condition was imposed at the
walls for velocity, while a contact angle model was
assumed to reproduce the gas–aqueous–retina inter-
face behavior.
The pressure-implicit split-operator method13 was

adopted for solving the pressure–velocity coupling.
Numerical integration was performed using second-
order accurate schemes in space and first-order accu-
rate, Euler scheme.
Physical properties of fluids used during the present

simulations are summarized in Table 1.

Simulated Conditions

We investigated the statics of a patient standing in
the upright position or supine and the dynamics of the
following:

1. Sudden car braking;
2. Standing up from supine to sitting position;
3. Left–right head rotation; and
4. Saccadic motion.

In all the cases, 30%, 50%, and 80% volumetric
tamponade filling fractions were considered.
The aim of the latter set of cases was to assess the

impact of daily activities on the amount of retina
remaining in contact with the tamponade and the shear
stress caused by the fluid sloshing.

Car Braking

A 0.5 g (4.9 m/second2) sudden car braking was
simulated. The maneuver consists of three deceleration
phases: a linear increase from zero to 0.5 g, a 1.0
seconds constant phase, and a linear decrease to zero
in 0.1 seconds as the brake pedal is released. During
the maneuver, the car speed drops from approximately
20 km/hour to zero. Deceleration and corresponding
velocity–time laws are shown in Figure 1A. Although
at the end of deceleration, the car is stationary, the
computation is extended up to a total simulation time
of 3 seconds to evaluate the tamponade behavior
during its finale settling. At the end of the simulation,
the tamponade interface reached the steady equilib-
rium again.
Standing up and head rotation. The time–laws of

motion of standing up from supine to sitting position
and the left–right head rotation were obtained
recording the movement of a volunteer and tracking
the eye’s motion by means of image analysis tech-
niques. The resulting time–laws (Figures 1, B–D) were
implemented in the computational fluid dynamics
model using the dynamic mesh technique. Figure 1B
shows the eye trajectory during standing up from
supine to sitting position (solid line) and lying down
again (dashed line), while accelerations as functions of
time are shown in Figure 1C. The whole movement
lasts for 5 seconds. Figure 1D shows the eye rotation
as a function of time in the case of head rotation (black
line) and the corresponding angular acceleration (red
line). The motion lasts for 2.2 seconds and achieves a
maximum observed rotation angle as large as 66°.

Saccade. A horizontal saccade with 50° amplitude
and 0.1375 seconds duration, attaining a 546.67°/s
peak angular velocity, was simulated. It was obtained
by the same polynomial law as in Rossi et al.14

Figure 1E shows the eye rotation and the angular
velocity as functions of time. The dynamic mesh tech-
nique was adopted to numerically simulate the pre-
scribed motion.
Main outcome measures. The main study outcome

measures include the retinal contact measured as the
percentage value of retinal surface in contact with gas
and aqueous, the shear stress at the retinal surface, and
the specific impulse (SI). The vitreous chamber surface
was divided into the following regions to better

Table 1. Physical Properties of Involved Fluids

Air Aqueous

Density 1 Kg/m3 997 Kg/m3

Dynamic viscosity 0.01813 mPa s 1 mPa s
Interfacial tension
versus water

0.07 N/m

Contact angle versus
water and retina

16.2°
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highlight the effect of the movement on the retina
(Figure 2).

1. Macula (dark green): the retinal surface centered
on the geometric posterior pole and extending 20°
anteriorly;
2. Postequatorial retina (light green): the surface
posterior to the geometric equator excluding the
macula;
3. Preequatorial retina (blue): the surface anterior to
the geometric equator comprised between the equa-
tor and the pars plana;

4. Pars plana ciliary body and posterior intraocular
lens surface are represented in light blue and have
been excluded from tamponade contact computation
because they are retina. The presence of an artificial
crystalline lens has been modeled because most eyes
are rendered pseudophakic when gas tamponade is
deemed necessary.
The SI describes the overall amount of solicitation on

the retinal surface because of the considered activities.
It is defined as the time integral of the instantaneous
spatially averaged shear stress on the retinal surface:

Fig. 1. Characterization of the simulated dynamical conditions: Car braking (A), standing up (B and C), head rotation (D), and saccade (E).

Fig. 2. Vitreous chamber morphology and segmentation. Light blue: pars plana; blue: preequatorial retina; green: postequatorial retina; and dark green:
macula.
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SI ¼
ðT
0

1
S

ð

S

WSSðtÞ  dSdt

where WSS(t) is the instantaneous shear stress at each
point of the retinal surface, T is the duration of the
simulation, and S is the area of the retinal surface.
We introduced the SI because the considered

motions differ significantly for both acceleration and
duration. In addition, some of them include relatively

long periods of time with low accelerations, e.g.
during the two final seconds of the car braking or
the second half of the simulation time in the saccade.
These periods, although significant, would artificially
decrease any time average.
Statistical analysis. The analysis of variance is

applied to statistically evaluate the significance of
shear stress values at different locations and to
compare the outcomes obtained for different regions.
The P values lower than 0.05 were considered statis-
tically significant.

Fig. 3. Fraction of retinal surface in contact with gas under static conditions for a standing (A) and supine (B) patient as a function of the gas filling
percentage.

Fig. 4. Percentage of retinal surface in contact with gas (dry area, light blue bars), aqueous (wet area, dark blue bar) of wettable (red bar) for the
considered daily activities and gas fill fractions.
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Fig. 5. Maps of wet, dry, and wettable areas for the four considered movements. Cyan areas are permanently in contact with the gas tamponade, blue
areas are permanently wet by aqueous, and red areas come into contact both with tamponade and with aqueous during the motion.
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Results

Gas–Retina Contact Under Static Conditions

The percentage of retinal surface touched by gas
under static conditions for a supine and standing
patient is shown in Figure 3.

Gas–Retina Contact Under Dynamic Conditions

Figure 4 shows the percentages of retinal surface
wet by the aqueous during the whole motion time
(blue bars), the surface percentages of retina always
in contact with the tamponade (cyan bars), and the
percentage wet by aqueous for a fraction of the motion
and touching gas for the remaining time (red bars).
Those will be hereafter referred to as “wet,” “dry,”
and “wettable” areas, respectively (Figure 5).
Different activities significantly affected the retinal

surface extension affected by fluid sloshing.
Standing up from the supine position determined the

largest fraction of wettable retina, followed by car
braking and ocular saccade (Figure 4; P , 0.001).
The extension of retina affected by aqueous sloshing

was not significantly affected by gas fill irrespective of
the considered activity (Figure 4 A–C) except for the
macular region (Figure 4D), where the status of wet,
dry, or wettable largely depended on gas fill (P , 0.01
for all activities except for the case of standing up).

When the wettable retinal surface is analyzed
primarily as a function of gas fill (Figures 5 and 6),
it becomes apparent that standing up exposes the larg-
est retinal surface to aqueous contact (more than 60%)
even at 80% gas fill and more than 90% at 30% filling
percentage. At 50% gas fill, all other activities expose
50% to 60% of the postequatorial retina to aqueous
(Figure 6C), while the preequatorial retina (where
most retinal tears occur) is significantly less wettable
only for the standing-up activity (P , 0.05). Regard-
less of gas fill percentage, all activities except the
ocular saccade determined a significant increase in
the surface of retina in contact with aqueous (wettable
area; P , 0.005 except for the macula).
The mean percentage of “wettable” retina during all

considered activities is summarized in Table 2 regard-
less of gas fill, between 13% and 16% of the entire
retinal surface intermittently contacted aqueous. There
was no significant difference across the different reti-
nal sectors and/or gas fill.

Shear Stress

Car braking induced a significantly higher shear
stress (6.06 Pa, P = 0.018) than any other activity
regardless of the fill fraction (Figure 7; P , 0.05).
The lower gas fill simulations returned significantly
higher shear stress values for all considered activities

Fig. 6. Proportion of retinal surface in contact with gas (dry, light blue bar), aqueous (wet, dark blue bar) of wettable (red bar) for each considered
activity and gas fill percentage.
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(P , 0.05) except for standing up when the 50% gas
fill reached the highest shear stress.

Specific Impulse

The specific impulse was significantly different
among activities (Figure 8; P , 0.001); standing up
determined a significantly higher SI and the saccade
lower SI than any other activity. Gas fill did not sig-
nificantly affect SI (Figure 8).

Discussion

Maintaining retinal tears in contact with gas as long
as possible is important to promote long-term adhesion
after retinal detachment surgery15–17 and represents the
rationale of patients positioning according to the tears
location.18 Patients’ compliance has also been demon-
strated to significantly influence anatomical out-
come,19 and devices intended to favor, alert, instruct,
and keep record of adherence to those instructions
have been proposed.20,21 Vitrectomy without the use
of any gas tamponade, conversely, has been advocated
as an alternative by many authors and for different
indications22–24 because the need for positioning sig-
nificantly disrupts the daily routine.
Irrespective of patients’ willingness and ability to

comply with prescribed positioning, the daily activities
significantly affect the proportion of “dry” and “wet”
retina as the dynamics of eye and head motion deter-
mines fluid sloshing and a third “gray” zone of “wet-
table” or alternatively “dry” and “wet” retina creates.
Our data show that during such activities, an average
15% of the overall retinal surface (Table 2) temporar-
ily loses its contact with gas regardless of gas fill and
patients’ compliance.
It is interesting to note that as gas fill reduces, the

extension of “wettable” retina does not significantly
change for any considered activity (Figures 4–6), thus
acquiring more proportional importance. In other
words, the “wettable” retinal surface to be added to
“wet” retina remains fairly invariant, while gas bubble
reduces its volume.
Not surprisingly, standing up causes the largest

variation of wettable retinal surface as it implies the

transition from supine to standing posture so that
approximately half the retinal surface is affected by a
change in gas/fluid contact, even with almost complete
gas fill. Deceleration associated to car braking repre-
sented the second most important activity in retinal
surface becoming “wet,” followed by head rotation
and eye saccade. This means that stenopeic goggles
once advocated to keep the eye in primary position
would very marginally help because head motion
seems more important than eye motion, as also re-
ported by Angunawela et al.25

The macula deserves a separate mention because it
is the site for specific pathology (macular holes and
myopic retinal detachment within the staphyloma only
to name a few) and is extremely sensitive to both head
positioning and gas fill. Figures 4–6 show how the
macula becomes temporarily wet during virtually all
activities unless when gas fill is very high. This notion
suggests that a higher compliance with positioning is
advisable after macular surgery especially in highly
myopic eyes19 as well as the use of longer-lasting
gases.
Across considered activities and gas fill fraction, the

preequatorial retina (Figure 6) maintained a much
larger gas contact, on average, than the postequatorial,
which became almost entirely “wet.” Because many
challenging retinal tears occur posterior to the equa-
tor,26 the patient should be instructed to reduce head
motion as much as possible and longer-acting gases
are preferred under those circumstances also.

Table 2. Average Percentage of Retinal Surface Becoming “Wet” During all Considered Activities

Gas Fill Entire Retina Preequator Postequator Macula P

30% 13.3 6 10.2 14.3 6 12.2 12.7 6 9.2 10.3 6 17.9 n.s.
50% 15.2 6 14.2 13.9 6 14.7 15.7 6 14.5 33.5 6 37.3 n.s
80% 16.5 6 17.5 13.0 6 14.2 18.6 6 19.2 25.0 6 43.3 n.s
P n.s. n.s. n.s. n.s

Fig. 7. Maximum shear stress for each inquired retinal section and
patient activity standing up (B and C), head rotation (D), and
saccade (E).
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Whether the shear stress generated by aqueous
sloshing can elevate retinal tears and allow fluid into
the subretinal space is a lengthy debated issue.18 Ret-
inal adhesion strength has been estimated across a
broad range (4–266 Pa),27–29 and it is known to tem-
porarily decline after retinopexy30 to less than 4 Pa or
approximately 50% of the initial strength after 8 hours
and then increase within 24 hours31; such values are
lower than those calculated in our model and suggest
this mechanism is conceivable. Although it is simplis-
tic to believe that this is the only or main factor
responsible for retinal redetachment, many activities
resulted in shear stress exceeding this value (Figure 7).
Magnitude combined to the duration of applied

shear stress may also concur in defining the activities
to be restricted: Standing up determined the largest SI
regardless of gas fill percentage (Figure 8), followed
by car braking and turning head. The ocular saccade
being almost instantaneous seemed safer than all other
activities for this standpoint.
In summary, our study shows that along with

portions of the retina known to be consistently in
contact with gas or aqueous as a function of gas fill at
rest, patients’ activities cause a significant proportion
of retinal surface to become momentarily wet by aque-
ous regardless of patients’ compliance. This should be
considered by surgeons because sloshing significantly
reduces the amount of retina to be considered perma-
nently “dry” and therefore “safe.” Surgeons should
also be aware that the shear stress and SI determined
by the sloshing may exceed the retinal adhesion force,
concurring to aqueous leaking into the subretinal space
and possibly retinal shifting, therefore instructing
patients to longer or different positioning and/or using
longer-acting cases if deemed necessary.

Key words: pars plana vitrectomy, computational
model, computational fluid dynamics, gas tamponade,
shear stress.
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RISK FACTORS FOR PUPILLARY OPTIC
CAPTURE FOLLOWING SUTURELESS
FLANGED INTRAOCULAR LENS FIXATION
FOR INTRAOCULAR LENS DISLOCATION

JAE ROCK DO, MD,* SU JIN PARK, MD,† JIN YOUNG KIM, MD,* JAE PIL SHIN, MD, PHD,*
DONG HO PARK, MD, PHD*‡

Purpose: To identify risk factors for pupillary optic capture after sutureless flanged
intraocular lens (IOL) fixation for IOL dislocation.

Methods: This retrospective comparative study enrolled consecutive patients who
underwent flanged IOL fixation using 25-gauge pars plana vitrectomy. One hundred
twenty-six eyes (126 patients) were divided into two groups according to the presence or
absence of pupillary optic capture. A swept-source anterior segment optical coherence
tomography and a rotating Scheimpflug camera were used to analyze and compare
surgical parameters, including axial length, anterior chamber depth, differences in scleral
tunnel angle and length, and IOL tilt and decentration, between the two groups.

Results: Compared with the nonpupillary optic capture group (106 eyes, 84.1%), the
pupillary optic capture group (20 eyes, 15.9%) had larger differences in the nasal and
temporal scleral tunnel angles and larger horizontal tilt (P , 0.05). Multivariate regression
analysis demonstrated that these factors correlated with the occurrence of pupillary optic
capture (P , 0.05).

Conclusion: To prevent pupillary optic capture after flanged IOL fixation, surgeons
should avoid asymmetry in the angles of the nasal and temporal scleral tunnels, which
causes horizontal IOL tilt and subsequent pupillary capture.

RETINA 43:964–971, 2023

Intraocular lens (IOL) dislocation is one of the most
common major complications of cataract surgery.1

Cumulative risk for IOL dislocation after cataract sur-
gery is 0.55% for 10 years and 1.00% for 15 years.2

To manage IOL dislocation, various surgical tech-
niques for secondary IOL implantation have been
used, including sutured scleral IOL fixation.3

Recently, Yamane et al4 developed a novel surgical

technique for sutureless IOL fixation in which the
IOL haptics are fixed to the sclera by cauterization
of haptic ends, termed flanged IOL fixation. This tech-
nique showed shorter operation time and similar clin-
ical outcomes compared with the sutured scleral
fixation technique.5

Pupillary optic capture of the fixated IOL is one of
the most common complications of transscleral
sutured IOL fixation with vitrectomy, ranging from
7.9% to 23%.6,7 Pupillary optic capture causes blurred
vision and photophobia, and it can cause serious
abnormalities such as chronic uveitis, macular edema,
and secondary glaucoma.8

Recent studies have reported that pupillary optic
capture is also a complication of flanged IOL fixation,
with complication rates ranging from 8% to
38.9%.4,9,10 However, the risk factors for this compli-
cation have not been fully elucidated for flanged IOL
fixation, a relatively new technique. The aim of this
study is to determine the risk factors for pupillary optic
capture following flanged IOL fixation in patients with
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IOL dislocation. Furthermore, because construction of
scleral tunnels is an imperative process for successful
flanged IOL fixation, the study quantitatively mea-
sured the dimensions of the nasal and temporal scleral
tunnels, which have not previously been fully
evaluated.

Methods

The study protocol was approved by the Institu-
tional Review Board of the Kyungpook National
University Hospital and was conducted in accordance
with the tenets of the Declaration of Helsinki. Written
informed consent was obtained from all study
participants.

Participant selection

The records of all patients who underwent combined
25-gauge vitrectomy and flanged IOL fixation for
management of dislocated IOL in the Department of
Ophthalmology at the Kyungpook National University
from June 2018 to December 2021 were retrospec-
tively reviewed. All surgeries were performed by a
single operator (Dong Ho Park) and had a follow-up of
at least six months. Patients with choroidal, retinal, or
corneal disease that could affect clinical outcomes
were excluded.

Surgical technique

After 25-gauge pars plana vitrectomy and IOL
removal using a Constellation Vision System (Alcon
Laboratories, Inc, Duluth, GA), flanged IOL fixation
was performed as described previously.4 All IOL
removals were performed through a superior corneal
limbal incision. If the dislocated IOL optics material
was hydrophobic or hydrophilic foldable acrylic, it
was cut with a lens cutter and removed through a 3-
mm corneal incision. If the IOL optics material was
polymethyl methacrylate, it was extracted through a 6-
mm extension of the corneal incision. Briefly, a 3-
piece IOL (Sensar AR40e from June 2018 to October

2020 and Tecnis ZA9003 from November 2020 to
December 2021; Abbott Medical Optics Inc, Santa
Ana, CA) was inserted into the anterior chamber. A
30-gauge thin-walled needle (TSK ultra-thin wall nee-
dle; Tochigi Seiko, Tochigi, Japan) was used to make
angled scleral tunnels 2 mm from the limbus at the 3-
o’-clock to 4-o’-clock and 9-o’-clock to 10-o’-clock
positions. The leading and trailing haptics were
docked into the 30-gauge needle lumen using 25-
gauge forceps. After both haptics were removed and
extracted from the needles, the haptic ends were cau-
terized with an ophthalmic cautery device to form a
flange. A peripheral iridotomy was made using a vit-
rectomy cutter to prevent IOL pupillary optic capture.
The cornea incision was sutured with 10-0 nylon.

Ophthalmic examinations

Preoperatively and at every visit for 6 months
postoperatively, all patients underwent ophthalmo-
logic examinations, including Snellen best-corrected
visual acuity, slit-lamp biomicroscopy, intraocular
pressure (IOP), and fundus examination. If IOL optics
were captured during the follow-up period (Figure 1),
the eyes were assigned to the pupillary optic capture
group. Axial length and white-to-white (WTW) dis-
tance were measured using a swept-source optical
coherence tomography–based biometric device (IOL
master 700, Carl Zeiss Meditec, Jena, Germany).
Postoperative anterior chamber depth (ACD), defined
as the distance from the corneal endothelium to the
anterior surface of the IOL, was measured with a
rotating Scheimpflug camera (Pentacam, Oculus Op-
tikgerӓte GmbH, Wetzlar, Germany), as described
previously.11

Measurement of Scleral Tunnel Dimensions and
Intraocular Lens Position by Anterior Segment
Optical Coherence Tomography

To evaluate the dimensions of nasal and temporal
scleral tunnels, angle and length were measured by
two independent graders (S.P. and J.K.) masked to

Fig. 1. Anterior segment (A)
and sagittal (B) swept-source
anterior segment optical coher-
ence tomography images of an
eye with pupillary optic capture
after flanged IOL fixation.
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patient information and study groups, with a swept-
source anterior segment optical coherence tomography
system (CASIA2; Tomey Corporation, Nagoya,
Japan) and the associated software (CASIA bleb
assessment software, Tomey) at one postoperative
month. Scleral tunnel angle (Figure 2A) and length
(Figure 2B) were measured using the caliper function
of the anterior segment optical coherence tomography
software. Scleral tunnel angle was defined as the angle
between the haptic and the line tangential to the sclera,
and scleral tunnel length was defined as the length
between the flanged haptic end and the other haptic
point piercing the sclera. The mean angles and lengths
of all sclera tunnels in each group were measured and
assigned as mean scleral tunnel angles and lengths,
respectively. Differences in angle and length between
the nasal and temporal scleral tunnels in each individ-
ual eye were measured and assigned as differences in
scleral tunnel angle and length, respectively.
Intraocular lens positions, including IOL tilt and

decentration at horizontal and vertical planes, were
analyzed automatically with anterior segment optical
coherence tomography, which was performed by one
operator (S.P.) masked to patient information and
study groups, as described previously.5

Management of pupillary optic capture

After verifying that the peripheral iridotomy site
was opened, IOL repositioning was performed with a
30-gauge needle through the peripheral cornea. In the
anterior chamber, the captured optic was pushed back
into its position posterior to the iris with the needle tip,
and pilocarpine 2.0% twice daily was prescribed
postoperatively.

Statistical Analyses

Data were analyzed using SPSS V.21.0 for Win-
dows (SPSS Inc, Chicago, IL). Quantitative data are
expressed as means 6 SD, and qualitative data are

expressed as percentages. Independent t-tests and
chi-square tests were used to compare numeric and
categorical data, respectively, between the two groups
at baseline. Correlations between parameters were ana-
lyzed using Pearson’s correlation coefficient test. Uni-
variate regression and multivariate regression analyses
were used to evaluate factors associated with the inci-
dence of pupillary optic capture. To evaluate the
repeatability of angle and length of scleral tunnel mea-
surements by two different investigators, interclass
correlation coefficient analysis was performed. P val-
ues of ,0.05 were considered statistically significant.

Results

During the study period, 25 of 131 eyes (19.1%) were
excluded from the nonpupillary capture group because
of the history of retinal detachment (16 eyes) or corneal
opacity (9 eyes). Five of 25 eyes (20.0%) were excluded
from the pupillary optic capture group because of the
history of retinal detachment (three eyes) or corneal
opacity (two eyes). Thus, the final study was composed
of 126 eyes in 126 patients, with 106 eyes (84.1%) in
the nonpupillary optic capture group and 20 eyes
(15.9%) in the pupillary optic capture group. Mean
duration to onset of pupillary optic capture from flanged
IOL fixation was 5.2 6 3.3 weeks. Table 1 shows
patient clinical characteristics. The groups did not differ
in age, gender, baseline best-corrected visual acuity,
IOP, axial length, or WTW distance (P . 0.05, respec-
tively). Furthermore, the proportion of IOL type for
fixation and postoperative ACD were not different
between the two groups (P . 0.05, respectively). In
the nonpupillary optic capture group, 85 eyes (80.2%)
had dislocated foldable acrylic IOLs, and 21 eyes
(19.8%) had dislocated polymethyl methacrylate IOLs
(see Table, Supplemental Digital Content 1, http://
links.lww.com/IAE/B918, which shows types and num-
bers of dislocated IOLs). In the pupillary optic capture
group, 16 eyes (80.0%) had dislocated foldable acrylic

Fig. 2. Measurement of angle
(A) and length (B) of scleral
tunnels using swept-source
anterior segment optical coher-
ence tomography.
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IOLs and 4 eyes (20.0%) had dislocated polymethyl
methacrylate IOLs. The proportions of dislocated IOL
types did not differ between the two groups (P . 0.05).
Mean corneal incision length was 3.59 6 1.20 mm
(range: 3.00–6.00 mm) for the nonpupillary optic cap-
ture group and 3.606 1.23 mm (range: 3.00–6.00 mm)
for the pupillary optic capture group, which did not
differ between the two groups (P . 0.05).

Comparison of Scleral Tunnel Dimensions and
Intraocular Lens Position

The interclass correlation coefficients of scleral
tunnel angle and length measurements between the

two graders were 0.966 and 0.937, respectively
(P , 0.01, respectively). Mean scleral tunnel angle
and mean scleral tunnel length did not differ
between the groups (P . 0.05, respectively). The
pupillary optic capture group had larger differences
in scleral tunnel angle than the nonpupillary optic
capture group (P = 0.010) (Table 2). However, dif-
ferences in scleral tunnel lengths did not differ
between the groups (P . 0.05). The pupillary optic
capture group had larger horizontal IOL tilt than the
nonpupillary optic capture group (P = 0.003). There
were no differences in vertical tilt or horizontal or
vertical decentration between the groups (P . 0.05,
respectively).

Table 1. Patient Clinical Characteristics

Nonpupillary Optic Capture
Group (n = 106)

Pupillary Optic Capture
group (n = 20) P

Age, years 63.3 6 8.2 61.1 6 11.5 0.322*
Male gender, n (%) 83 (86.6) 18 (90.0) 0.679†
Onset from previous cataract
surgery, months

121.5 6 88.5 119.8 6 90.5 0.944*

Mean IOP, mmHg 16.7 6 5.5 16.8 6 6.1 0.969*
Preoperative axial length, mm 23.3 6 4.2 24.6 6 1.4 0.182*
Preoperative WTW, mm 11.8 6 1.1 12.0 6 0.4 0.677*
Mean corneal incision length, mm 3.59 6 1.20 3.60 6 1.23 0.937*
Preoperative BCVA, logMAR
(Snellen)

0.43 6 0.56 (20/54) 0.39 6 0.57 (20/49) 0.857*

Preoperative astigmatism, diopters 1.52 6 1.60 1.36 6 1.49 0.997*
Types of dislocated IOLs, foldable
acrylic/PMMA

85/21 16/4 0.968†

Types of IOLs for fixation, AR40e/
ZA9003

55/51 14/6 0.136†

Postoperative ACD, mm 4.52 6 0.53 4.57 6 0.32 0.792*

BCVA, best-corrected visual acuity; logMAR, logarithm of the minimum angle of resolution; PMMA, polymethyl methacrylate.
*Two-tailed, unpaired two-sample t-test.
†Chi-square test.

Table 2. Comparison of Scleral Tunnel Dimensions and Intraocular Lens Position Between the Pupillary Optic Capture
and Nonpupillary Optic Capture Groups

Nonpupillary Optic Capture
group (n = 106)

Pupillary Optic Capture
Group (n = 20) P

Dimensions of scleral tunnels
Mean scleral tunnel angle, degree 26.1 6 5.62 26.5 6 6.07 0.706
Mean scleral tunnel length, mm 1.88 6 0.45 1.93 6 0.39 0.519
Difference in scleral tunnel angles,
degree

4.85 6 3.93 7.34 6 3.13 0.010

Difference in scleral tunnel
lengths, mm

0.45 6 0.36 0.47 6 0.38 0.828

IOL tilt
Horizontal tilt, degree 3.37 6 1.85 5.36 6 1.72 0.003
Vertical tilt, degree 3.98 6 3.27 4.06 6 3.82 0.936

IOL decentration
Horizontal decentration, mm 0.33 6 0.30 0.29 6 0.16 0.229
Vertical decentration, mm 0.36 6 0.26 0.27 6 0.13 0.662
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Correlation Between Differences in Scleral Tunnel
Angle and Length and Intraocular Lens Position

Difference in scleral tunnel angle correlated with
horizontal tilt (r = 0.221, P = 0.037) (Figure 3A).
However, difference in scleral tunnel length did not
correlate with horizontal tilt (P . 0.05) (Figure 3B).
Neither difference in scleral tunnel angle nor differ-
ence in scleral tunnel length correlated with vertical tilt
(P . 0.05) (Figure 3, C and D).
Regression analyses were performed to identify

factors associated with horizontal and vertical tilts (see
Table, Supplemental Digital Content 2, http://links.
lww.com/IAE/B919, which shows factors associated
with horizontal and vertical IOL tilt). In univariate
regression analysis, difference in scleral tunnel angles

was associated with horizontal tilt (b = 0.680, P = 0.
001), although this variable was not associated with
vertical tilt (b = 0.036, P. 0.05). In multivariate regres-
sion analysis, difference in scleral tunnel angles was
associated with horizontal tilt (b = 0.460, P = 0.002).

Regression Analyses for Risk Factors Associated
With Pupillary Optic Capture

Univariate regression analysis was performed to
identify risk factors for pupillary optic capture
(Table 3). Difference in scleral tunnel angles (P =
0.013) was associated with the incidence of pupillary
optic capture. Furthermore, horizontal IOL tilt was
associated with the incidence of pupillary optic capture
(b = 0.314, P = 0.003), whereas vertical IOL tilt was

Fig. 3. Correlation between differences in scleral tunnel angle/length and intraocular lens position. Difference in scleral tunnel angles correlated with
horizontal tilt (r = 0.221, P = 0.037) (A), although difference in scleral tunnel lengths did not correlate with horizontal tilt (P . 0.05) (B). Difference in
scleral tunnel angles (C) and lengths (D) did not correlate with vertical tilt (P . 0.05, respectively).
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not associated with the incidence of pupillary optic
capture (b = 20.019, P . 0.05). In multivariate
regression analysis, difference in scleral tunnel angles
(P = 0.037) and horizontal IOL tilt (P , 0.001) were
associated with the development of pupillary optic
capture.

Management of Pupillary Optic Capture and
Comparison of Postoperative Complications and
Best-Corrected Visual Acuity at 6 Months

All 20 eyes with pupillary optic capture had a patent
peripheral iridotomy site. Intraocular lens repositioning
followed by pilocarpine 2.0% twice daily was per-
formed in all cases as soon as optic capture was
detected, which successfully maintained stable IOL
position without recurrent or persistent pupillary optic
capture, at least for the 6-month follow-up period. No
postoperative complications, including iatrogenic retinal
tears, retinal detachment, or IOL dislocation, occurred in
either group. Final best-corrected visual acuity at 6
months postoperatively did not differ between the
groups (0.19 6 0.29 logarithm of the minimum angle
of resolution, 20/30 vs. 0.13 6 0.14 logarithm of the
minimum angle of resolution, 20/27, P . 0.05).

Discussion

Recently, flanged IOL fixation first reported by
Yamane et al has been widely used for secondary IOL
implantation because of the short operation time and
similar clinical outcomes compared with conventional
sutured scleral fixation.5 However, several postopera-
tive complications after flanged IOL fixation can
occur, including vitreous hemorrhage, transient hypot-
ony, IOP elevation, cystoid macular edema, and pupil-
lary optic capture. Pupillary optic capture after flanged
IOL scleral fixation is a relatively common postoper-

ative complication, and its incidence in this study was
similar to that of previous studies.4,9,10 Although the
mechanism of pupillary optic capture is not fully
understood, axial length, ACD, and IOL tilt have been
suggested as possible causes of the complication after
sutured scleral IOL fixation.12–14 For flanged IOL fix-
ation, construction of the nasal and temporal scleral
tunnels is a critical step because both haptics are
directly fixed to the sclera instead of the suture thread.
Therefore, the risk factors for pupillary optic capture
following flanged IOL fixation could be different from
those of sutured scleral fixation.
Several studies reported that IOL tilt is related to

pupillary optic capture,15–17 and various factors con-
tribute to IOL tilt after scleral fixation. Gao et al18

reported that asymmetric IOL fixation causes IOL tilt
or decentration after sutured scleral fixation. Yamane
et al19 reported that the IOL tilt was decreased when
using a needle stabilizer, which aided in the formation
of consistent scleral tunnel angles, although the angles
were not quantitatively measured. Combined with the
findings of this study, this result suggests that the con-
struction of scleral tunnels affects the IOL tilt after
flanged IOL fixation. This study quantitatively mea-
sured scleral tunnel dimensions for the first time,
revealing differences in scleral tunnel angle and hori-
zontal IOL tilt as the main risk factors for pupillary
optic capture. Teichmann et al20 reported that asym-
metrical suture placement creates torque on the hap-
tics, resulting in IOL tilt. Similarly, asymmetric scleral
tunnel angles could also impose torque on the haptics
with subsequent IOL tilt. This study demonstrated that
differences in scleral tunnel angles positively corre-
lated with horizontal tilt, consistent with this hypoth-
esis. Thus, construction of symmetric scleral tunnel
angles to avoid horizontal IOL tilt could be an impor-
tant factor for the prevention of postoperative pupillary
optic capture.

Table 3. Regression Analyses for Risk Factors Associated With Pupillary Optic Capture

Variable

Univariate Analysis Multivariate Analysis

b P b P

Onset from previous cataract surgery 0.016 0.876
Preoperative axial length 0.012 0.228
Preoperative WTW 0.008 0.694
IOL type 20.080 0.269
Corneal incision length 0.029 0.773
Postoperative ACD 0.039 0.792
Difference in scleral tunnel angles 0.027 0.013 0.023 0.037
Difference in scleral tunnel lengths 0.041 0.738
Horizontal IOL tilt 0.314 0.003 0.389 , 0.001
Vertical IOL tilt 20.019 0.138
Horizontal IOL decentration 20.177 0.298
Vertical IOL decentration 20.029 0.838
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There are several potential reasons for asymmetry of
scleral tunnel angles. First, when making scleral
tunnels, a hypotonic eyeball could hinder construction
of the intended scleral tunnel angles by surgeons.
Thus, it would be important to maintain constant IOP
for consistent scleral rigidity. Second, when subcon-
junctival hemorrhage or chemosis is present in the
marking points, the sclera might not be visible through
the conjunctiva, which could hinder the surgeons’ abil-
ity to construct symmetric scleral tunnel angles. In this
case, it would be helpful to open the conjunctiva and
make the sclera visible or to change the direction of
scleral tunnels.
Although we have provided precise data for quan-

titative measurement of the dimensions of the nasal
and temporal scleral tunnels, we are at present unable
to provide a practical means to consistently avoid the
construction of asymmetric intrascleral haptic tunnels.
This challenge is complex and varies significantly
between the cases. For example, the dimensions of the
globe and curvature of the nasal versus temporal
scleral surface could differ between the patients. In
addition, insertion of the 30-gauge needle to construct
the intrascleral tunnels for the 2 haptics is in a
diametrically opposite direction rather than in the
same direction, makes creation of identical angles
more challenging. Moreover, during insertion of each
haptic into the sclera, the haptic could be bent
unevenly or asymmetrically between the two sides.
Together, these factors complicate the development of
a consistent surgical technique for making identical
insertion angles for both sides.
It is interesting to note that difference in scleral

tunnel angles associated with horizontal tilt but not
vertical tilt. This could be related to the surgical
method, in which scleral tunnels were created at 3 to 4-
o’-clock and 9 to 10-o’-clock positions, which could
affect tilt of the horizontal plane rather than tilt of the
vertical plane. If haptic insertion had been performed
along the vertical meridian instead of the horizontal
meridian, vertical tilt could be a more important
parameter than horizontal tilt. Because all scleral tun-
nels were created with the horizontal meridian in this
study, future studies using haptic insertions with the
vertical meridian would be informative in determining
the differential effects of horizontal versus vertical tilt.
Correlation of the ACD, defined as the distance

from the corneal endothelium to the anterior surface of
the IOL, with pupillary optic capture has historically
been controversial in studies of sutured IOL fixation.
Kang et al reported that deeper ACD correlated with
the incidence of pupillary optic capture, whereas Choi
et al reported that shallow ACD correlated with
pupillary optic capture.12,14 In this study, postopera-

tive ACD was similar to that of flanged IOL fixation
reported by Torii et al21 and did not differ between the
two groups with and without pupillary optic capture.
It is interesting that the mean duration to the onset of

pupillary optic capture from flanged IOL fixation was
5.2 weeks, which demonstrates that follow-up is
necessary to observe postoperative pupillary optic
capture, especially at 1 month postoperatively.
In this study, no recurrence of pupillary optic

capture occurred after IOL repositioning with post-
operative pilocarpine 2.0%. Kim et al22 reported that
peripheral iridotomy helped to prevent pupillary cap-
ture after conventional sutured scleral fixation. How-
ever, in this study, peripheral iridotomy sites were
constructed in all cases, and they did not completely
prevent pupillary optic capture. However, this could
help to prevent recurrence of pupillary optic capture
after IOL repositioning and pilocarpine treatment by
decreasing the pressure difference between the anterior
and posterior chambers.
There are several limitations in this study that

should be considered in its interpretation. First, since
November 2020, the type of 3-piece IOL was
changed from AR40e to ZA9003 because of the ease
of docking caused by the thinner haptic thickness
(0.17 mm for AR40e vs. 0.15 mm for ZA9003).
However, the proportion of IOL type did not differ
between the groups with and without pupillary optic
capture. Second, this study used only two types of
IOLs with a 6-mm optic diameter. It is interesting to
note that in the earlier study by Yamane et al, use of
6-mm IOLs, including ZA9003, PN6A (Kowa,
Tokyo, Japan), and MA60MA (Alcon laboratories,
Fort worth, TX), resulted in a 7-times higher
incidence of pupillary optic capture compared with
X-70 (Santen, Osaka, Japan) IOLs, which have a 7-
mm optic diameter (14% vs. 2% incidence, respec-
tively).4 Miura et al10 also reported similar outcomes.
Although the 7-mm optics could be more advanta-
geous to avoid pupillary optic capture compared with
6-mm optics, the X-70 is available only in Japan.
Thus, surgeons who are not able to use these IOLs
should be especially cautious of risk factors such as
asymmetric scleral tunnel angle. Third, the needle
stabilizer used in the study of Yamane et al, which
was developed to create a 10° angle, was not used in
this study. The reason is that the fixed inner ring
diameter made it difficult to maintain the same limbal
distance in all patients who have their own different
WTW diameters. In future studies, we will compare
the symmetry of scleral tunnel angle with or without
the use of the needle stabilizer.
Fourth, because we could not precisely quantify

scleral tunnel angles during tunnel construction, we
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were unable to suggest a practical solution to avoid
asymmetric scleral tunnel angles. If intraoperative
anterior segment swept-source optical coherence
tomography becomes available, intraoperative mea-
surement can then be tested with future comparison
studies. Fifth, because of the imbalance in sample size
between the two groups, the statistical power of the
study is limited by the pupillary optic capture group
with the smaller sample size, a limitation commonly
encountered in clinical studies of postoperative
complications.
In conclusion, in flanged IOL fixation, surgeons

should avoid asymmetry in the angles of the nasal and
temporal scleral tunnels, which causes horizontal IOL
tilt and subsequent pupillary capture. Furthermore,
meticulous follow-up is necessary to evaluate post-
operative pupillary optic capture even when the IOL
position is stable intraoperatively.

Key words: flanged intraocular lens fixation, intra-
ocular lens dislocation, pupillary optic capture.
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LONG-TERM EVOLUTION OF MYOPIC
RETINOSCHISIS WITH A DOME-SHAPED
MACULA AND PREDICTORS OF
PROGRESSION AND VISUAL PROGNOSIS

SHIWEI LI MD, TINGTING LI, MD, DA LONG, MD, BIN LU, MD, YAN CHEN, MD,
XUEYAN ZHANG, MD, JIANYAN HU, MD, QIANG WU, MD, PHD

Purpose: To study the long-term natural course of myopic retinoschisis (MRS) with a
dome-shaped macula (DSM) and to identify the factors affecting its development and visual
prognosis.

Methods: In this retrospective case series study, we followed 25 MRS eyes with a DSM
and 68 MRS eyes without a DSM for at least two years and observed changes in optical
coherence tomography morphologic features and best-corrected visual acuity.

Results: During the mean follow-up of 48.3 6 13.24 months, the difference in the rate of
MRS progression between the DSM and non-DSM groups was not significant (P = 0.7462).
In the DSM group, the patients whose MRS progressed were older and had a higher
refractive error than those whose MRS was stable or improved (P = 0.0301 and 0.0166,
respectively). The patients whose DSM was located in the central fovea had a significantly
higher progression rate than those whose DSM was located in the parafovea (P = 0.0421).
For all DSM eyes, BCVA did not decrease significantly in eyes with extrafoveal retinoschisis
(P = 0.2500), patients whose best-corrected visual acuity decreased more than two lines
had a greater central foveal thickness initially than those whose best-corrected visual acuity
decreased less than two lines during the follow-up period (P = 0.0478).

Conclusion: A DSM did not delay the progression of MRS. The development of MRS in
DSM eyes was associated with age, myopic degree, and DSM location. A higher schisis
cavity predicted visual deterioration, and a DSM protected visual function in extrafoveal
MRS eyes during the follow-up period.

RETINA 43:972–983, 2023

A dome-shaped macula (DSM) is characterized by
inward convexity of the macula in highly myopic

patients with posterior staphyloma and was first
observed by Gaucher et al1 using optical coherence
tomography (OCT). It has been reported that the prev-

alence of DSM in high myopia is between 10.7% and
20.1%, depending on ethnicity.1–3 Three DSM sub-
types, including a round dome and a horizontal and
vertical oval-shaped dome, were identified by Caillaux
et al4 with OCT. The pathogenesis of DSM is not yet
fully understood, and the mechanism of its occurrence
is believed to be because of genetic and environmental
factors, the thickness of the sclera in the macula
increasing and protruding inward to resist the uneven
growth of the eyeball and the progression of posterior
staphyloma, and it alleviates the high degrees of myo-
pia in the macula.1,5

The presence of DSM is related to highly myopic
macular changes, including choroidal neovasculariza-
tion, serous retinal detachment, and myopic retinoschi-
sis (MRS).2,6 The forces exerted by the vitreous body
and the uneven elongation of the eyeball act on the

From the Department of Ophthalmology, Shanghai Jiaotong
University Affiliated Sixth People’s Hospital, Shanghai, China.

None of the authors has any financial/conflicting interests to
disclose.

This is an open access article distributed under the terms of the
Creative Commons Attribution-Non Commercial-No Derivatives
License 4.0 (CCBY-NC-ND), where it is permissible to download
and share the work provided it is properly cited. The work cannot
be changed in any way or used commercially without permission
from the journal.

Reprint requests: Qiang Wu, MD, PhD, Department of Oph-
thalmology, Shanghai Jiaotong University Affiliated Sixth People’s
Hospital, No. 600 Yishan Road, Xuhui District, Shanghai 200233,
People’s Republic of China; e-mail: qiang.wu@shsmu.edu.cn

972

D
ow

nloaded from
 http://journals.lw

w
.com

/retinajournal by 3X
vZ

oI68w
pkpurjW

IX
oboeIze1W

iO
bzeG

ru6hK
gsV

qK
il08K

rD
crLZ

joaJV
S

fQ
D

K
B

G
2kbw

6M
9JjN

S
U

11czF
U

N
X

+
u0V

m
/pktX

Q
+

M
G

tG
2Y

/jD
m

B
gI8D

X
V

R
lY

Y
aaY

7V
Q

hdC
kxm

z5/ox5K
g=

 on
06/06/2023



retina and macula, leading to the occurrence and pro-
gression of MRS.7–10 It has been reported that in at least
3 years of follow-up of large samples, the progression
rate of MRS is 11.6% to 43.4%.11–14 Mechanical trac-
tion and/or insufficient choroidal blood perfusion may
cause damage to the ellipsoid zone, which is a predictor
of vision deterioration.12 Cross-sectional studies have
found that in DSM eyes, MRS is more inclined to affect
the extrafoveal region and less likely to affect the foveal
region, and in eyes with MRS,2,15 the shape of a DSM
is steeper than that in eyes without MRS,15 which may
be because of the distribution and strength of the
mechanical stress produced by DSM of different
shapes. Furthermore, several reports found that even
though DSM eyes with various kinds of macular com-
plications had a much longer axial length and a higher
degree of myopia, their visual function was not worse
than that of eyes without a DSM,2,15,16 suggesting that
the macular convexity of a DSM protects the foveal
anatomical structure and visual function. However,
few studies have investigated the effect of a DSM on
the progression of MRS and its impact on the change in
visual acuity in MRS eyes.
For this reason, our study aimed to observe the

natural course of MRS in eyes with a DSM and to
assess the effect of a DSM on the OCT morphologic
changes and visual changes of MRS in the follow-up
period.

Methods

Patients

This retrospective, consecutive case series study
followed MRS eyes with and without a DSM in highly
myopic patients at the Department of Ophthalmology
of the Sixth People’s Hospital Affiliated to Shanghai
Jiao Tong University, whose medical records were
reviewed from October 2014 to February 2021. The
inclusion criteria were as follows: 1) MRS with and
without a DSM diagnosed by OCT and 2) highly myo-
pic eyes, defined as an axial length $26 mm and a
spherical equivalent refractive error of $26.00 diop-
ter. The exclusion criteria were as follows: 1) eyes
with tilted-disk syndrome or inferior staphyloma; 2)
the quality scores of spectral domain OCT (SD-
OCT) images less than 20 dB because of the opacity
of the refractive medium; 3) a lamellar or full-
thickness macular hole or foveal detachment at base-
line; 4) macular complications secondary to high myo-
pia, such as choroidal neovascularization; and 5) a
history of vitreoretinal surgery. The study conformed
to the tenets of the Helsinki Declaration, was approved
by the Ethics Committee of Sixth People’s Hospital

Affiliated to Shanghai Jiao Tong University, Shanghai,
China, and was registered in the Chinese clinical trial
registry (http://www.chictr.org.cn/, registration num-
ber: ChiCTR2000038824). Informed consent forms
were signed by all participants.

Clinical Examinations

All patients underwent a complete ocular exami-
nation, including slit-lamp examination, fundus pho-
tography, BCVA analysis with Snellen charts,
refractive error assessment using a refractor, axial
length measurement using an Intraocular Lens(IOL)-
Master, determination of the presence of posterior
staphyloma using B-scan ultrasonography, and OCT
examinations. We used the Lens Opacity Classifica-
tion System (III) to determine the severity of the lens
opacities in phakic eyes by slit-lamp examination,
and classified the cortical opacities into C0, C1, C2,
C3, C4, and C5 grades, classified the nuclear
opacities into N0, N1, N2, N3, N4, N5, and N6
grades, and classified the posterior subcapsular
opacities into P0, P1, P2, P3, P4, and P5 grades
respectively.17 Snellen BCVA was converted to log-
arithmic minimal angle of resolution units for statis-
tical analysis. OCT images were obtained with an
SD-OCT (Heidelberg Engineering, Heidelberg, Ger-
many). The SD-OCT scanning protocol consisted of
an A-scan through the center of the macula, with a
length between 7.7 mm and 11.5 mm in the horizon-
tal and vertical directions and 31 B-scans covering an
area of 30° · 25.0° centered on the fovea at an inter-
val of 256 mm. Outer schisis (in or out of the outer
plexiform layer) and inner schisis (in the inner plex-
iform layer and/or internal limiting membrane detach-
ment) were recorded according to the location of
intraretinal layers in which the schisis was involved.
The eyes were classified into five subgroups (S0, S1,
S2, S3, and S4) according to the classification method
of Shimada et al.14 S1 MRS was recorded as extra-
foveal schisis, and S2, S3, and S4 schisis were re-
corded as foveal schisis. The central foveal thickness
(CFT) was measured and characterized as the dis-
tance between the hyperreflective band of the internal
limiting membrane and the hyperreflective band of
the retinal pigment epithelium through the central
fovea. The values measured in the horizontal and
vertical A-scans were averaged. The presence of par-
tial posterior vitreous detachment PVD), an epimac-
ular membrane, was evaluated by OCT. ADSM is
defined as an inward protrusion of the retinal pigment
epithelium of the macula with 50 mm or more in the
horizontal or vertical section or both by OCT exam-
ination.18 The location of the DSM (below the
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foveola or below the parafoveola) (below the center
fovea or below the paracentral fovea) was observed.
The width of the macular bulge was defined as the
distance between the two tangent points in the outer
surface of the retinal pigment epithelium, and the
height of the dome was defined as the distance
between the peak at the plane of the retinal pigment
epithelium and the base of the dome. Then, the ratio
of the height and width (H/W ratio) of the dome was
calculated.14 The choroidal thickness (CT) was mea-
sured at the center of the fovea and at the top of the
dome. All patients were divided into two groups: the
MRS with DSM group and the MRS without DSM
group. The definition of progression for MRS in all
patients was an increase in height of outer schisis by
100 mm, the extent of outer schisis expanded, the
development of a lamellar or full-thickness macular
hole or foveal or macular detachment. A reduction in

the height or extent of outer schisis without the devel-
opment of a lamellar or full-thickness macular hole or
foveal or macular detachment was considered
improvement. Eyes that did not show progression
or improvement were categorized as stable.11 All
patients underwent at least two examinations, includ-
ing assessment of BCVA and an OCT examination.
The shortest follow-up period was 24 months.

Statistical Analysis

All statistical computations were performed using
SAS software version 9.13 (SAS Institute Inc, Chicago,
IL). Data are described as the mean 6 SD. t-tests were
used to compare the paired and unpaired measurement
data, and if the data did not have a normal distribution,
the Kruskal–Wallis test was used. The chi-square test
was applied for statistical analysis of the count data, and

Table 1. Comparison of Baseline Clinical Characteristics of Myopic Retinoschisis Eyes With and Without Dome-Shaped
Macula

Eyes with DSM Eyes without DSM P

No. of eyes 25 68
Age (years), mean 6 SD 67.7 6 7.39 (48–78) 62.3 6 8.80 (41–82) 0.0080
Sex (Female/Male), n 20/5 48/20 0.4195
Pseudophakic eyes, n 7 25 —

Refractive error(diopter)*,
mean 6 SD

215.1 6 5.19
(28.0 to 226.75)

213.0 6 5.05
(26.0 to 230.0)

0.0344

Axial length (mm), mean 6 SD 30.6 6 1.15 (28.48 232.06) 29.2 6 1.43 (26.44 233.02) ,.0001
Lens status*, n
Cortical opacity 0.8835
C0 8 20
C1 10 23
Nuclear opacity 0.1871
N0 1 1
N1 3 19
N2 12 20
N3 2 3
Posterior subcapsular opacity 0.8393
P0 17 40
P1 1 3
BCVA (Snellen equivalent) 20/40 6 20/100 (20/400–20/20) 20/32 6 20/100 (20/1,000–20/16 —

BCVA (logMAR), mean 6 SD 0.41 6 0.34 (0–1.3) 0.29 6 0.25 （–0.1 to 1.7） 0.1274
Schisis group, n 0.8512
S0 3 5
S1 8 26
S2 1 4
S3 8 23
S4 5 10
Schisis subtype, n 0.7617
Outer schisis 10 31
Outer and inner schisis 12 32
Partial PVD, n 7 21 0.7882
Epimacular membrane, n 12 27 0.4724
CFT (mm), mean 6 SD 237.6 6 103.18 236.6 6 62.12 0.9520
Subfoveal CT (mm), mean 6 SD 26.7 6 16.26 37.0 6 24.78 0.0570

*Phakic eyes only, n = 18 in DSM group and n = 43 in non-DSM group.
logMAR, logarithmic minimal angle of resolution.
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if the sample size in the group was ,5, Fisher’s exact
test was performed. A P value,0.05 was considered to
indicate statistical significance.

Results

Baseline Characteristics

A total of 93 eyes from 93 highly myopic patients
were included in this retrospective study, consisting
of 25 MRS eyes with a DSM from 25 patients and 68
MRS eyes without a DSM. Table 1 lists the demo-
graphics and baseline OCT characteristics of MRS
eyes with and without a DSM. Myopic retinoschisis
patients with a DSM were significantly older and
had a higher myopic refractive error and a longer
axial length than those without a DSM (P , 0.05,
respectively). There were no significant differences
in sex, lens status, logarithmic minimal angle of
resolution BCVA, schisis subgroup, schisis subtype,
or the presence of partial PVD or an epimacular
membrane between the two groups (P ＞ 0.05,
respectively).

Lens Status at the Last Follow-Up and Progression
of the Lens Opacities

The mean follow-up period was 48.3 6 13.24
months (ranging from 24 to 86 months).
Among the 18 phakic eyes with a DSM, at the last

follow-up, 3 eyes were graded as C0, 12 eyes as C1,
and 3 eyes as C2. One eye was graded as N0, 3 eyes as
N1, 9 eyes as N2, 3 eyes as N3, and 2 eyes as N4.
Fifteen eyes were graded as P0, and 3 eyes as P1.
During the follow-up period, 3 eyes developed from
N2 to N3, and 2 eyes developed from N3 to N4.
Among the 43 phakic eyes without a DSM, at the last
follow-up, 11 eyes were graded as C0, 27 eyes as C1,
and 5 eyes as C2. One eye was graded as N0, 18 eyes
as N1, 17 eyes as N2, 4 eyes as N3, and 3 eyes as N4.
Thirty-eight eyes were graded as P0 and 5 eyes as P1.
During the follow-up period, 1 eye developed from N1
to N2, 4 eyes developed from N2 to N3, and 3 eyes
developed from N3 to N4.

MRS Progression

During the follow-up period, the difference in the
rate of MRS progression between the DSM and non-
DSM groups was not significant (40.0% vs. 47.1%)
(P = 0.7462) (Figures 1–4), and for the foveoschisis
and extrafoveal retinoschisis eyes, there were no sig-
nificant differences in the rate of progression between
the DSM and non-DSM groups (P = 0.8019 and
0.6954, respectively) (Table 2).

Factors Influencing the Natural Course and Best-
Corrected Visual Acuity

In the DSM group, patients whose MRS progressed
were older and had a higher myopic refractive error
than patients whose MRS was stable or improved (P
= 0.0301 and 0.0166, respectively), and the patients
whose DSM was located in the central fovea had a
significantly higher progression rate (61.5%) than
those whose DSM was located in the parafovea
(16.7%) (P = 0.0421). The axial length, schisis group,
schisis subgroup, subfoveal CT, vitreoretinal traction,
CT at DSM, width of the DSM, height of the DSM,
and H/W ratio of the DSM were not significantly
different between the eyes that progressed and those
that were stable or improved (P＞0.05, respectively).
In the non-DSM group, eyes that progressed had a
significantly higher proportion (75.0%) of partial
PVD than those that were stable or improved
(58.3% and 41.7%, respectively) (P = 0.0341), and
the differences in age, refractive error, axial length,
schisis group, schisis subgroup, and subfoveal CT
were not significant between the eyes that progressed
and those that were stable or improved (P＞0.05,
respectively) (Table 3). In the DSM group, foveoschi-
sis eyes had a significantly worse BCVA at the last
visit than at the first visit (P = 0.0020), whereas there
was no significant difference in BCVA between the
first and the last visit in extrafoveal retinoschisis eyes
(P = 0.2500). In the non-DSM group, foveoschisis
and extrafoveal retinoschisis eyes had a significantly
worse BCVA at the last visit than at the first visit (P =
0.0494 and P= 0.0091) (Table 4). In the DSM group,
patients whose BCVA decreased more than 2 lines
had a significantly greater CFT (292.8 6 143.73 mm)
initially than those whose BCVA decreased less than
2 lines (206.6 6 63.22 mm) during the follow-up
period (P = 0.0478). In the non-DSM group, MRS
eyes with vitreomacular traction had a significantly
higher proportion of visual loss greater than two lines
during the follow-up period than those without vitre-
omacular traction (23.3% vs. 4.0%) (P = 0.0232)
(Table 5).

Discussion

The main findings of our study were that MRS eyes
with a DSM were older, more myopic, and had a
longer axial length than those without a DSM at
baseline. There was no significant difference in the
progression rate between MRS eyes with and without
a DSM during an average follow-up period of 48.3
months. MRS in eyes with a DSM, which tended to
be older and have a higher degree of myopia and a
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Fig. 1. A–C. Showed infrared fundus and OCT images of the left eye of a 73-year-old man with MRS progression and a DSM located in the fovea
during the follow-up period in the vertical scan. A. At baseline, the case had S4 outer schisis with epimacular membrane (white arrow), the spherical
equivalent refractive error was220.50 D, the axial length was 31.91 mm, the CFT was 524 mm, the retinal thickness (white double arrow) at the branch
vessel of the lower vascular arcade (red arrow head) was 654 mm, and BCVA was 20/63. B. After 35 months, the CFT was 537 mm, the retinal
thickness (white double arrow) at the branch vessel of the lower vascular arcade (red arrow head) was 795 mm, and BCVA decreased to 20/100. C.
Forty-one months after the first visit, the CFT was 535 mm, the retinal thickness (white double arrow) at the branch vessel of the lower vascular arcade
(red arrow head) was 761 mm, and BCVA was 20/100.
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Fig. 2. A–C. showed infrared fundus and OCT images of the right eye of a 68-year-old woman with MRS progression and a DSM located in the fovea
during the follow-up period in the vertical scan. A. At baseline, the case had S0 outer schisis and paravascular inner schisis, a DSM was located in the
fovea, the spherical equivalent refractive error was212.00 D, the axial length was 31.15 mm, the CFT was 198 mm, and BCVA was 20/40. B. After 50
months, MRS occurred in the parafoveal region, the CFT was 214 mm, and BCVA was 20/40. C. Seventy-nine months after the first visit, the extent of
MRS expanded, the CFT was 217 mm, and BCVA was 20/50.
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Fig. 3. A–C. showed infrared fundus and OCT images of the left eye of a 64-year-old woman with MRS progression and a DSM located in the
parafovea during the follow-up period in the vertical scan. A. At baseline, the case had S0 outer schisis and paravascular retinal cyst with PVD (white
arrow), a DSM was located in the parafovea, the spherical equivalent refractive error was 215.25 D, the axial length was 31.16 mm, the CFT was 191
mm, and BCVA was 20/25. B. After 57 months, outer schisis, inner schisis and ILM detachment occurred in the parafoveal region, the CFT was 179
mm, and BCVA was 20/25. C. Eighty-six months after the first visit, the extent of outer and inner schisis expanded, the height increased, the CFT was
175 mm, and BCVA was 20/25. ILM, internal limiting membrane.
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DSM located in the central fovea, progressed rapidly.
Best-corrected visual acuity remained stable in ex-
trafoveal retinoschisis eyes, whereas visual acuity

decreased in foveoschisis eyes during the follow-up
period, and CFT was associated with visual
deterioration.

Fig. 4. A–C. Showed infrared fundus and OCT images of the right eye of a 64-year-old woman with MRS progression without a DSM during the
follow-up period in the vertical scan. A. At baseline, the case had S3 outer schisis and paravascular inner schisis with partial PVD (white arrow), the
spherical equivalent refractive error was 211.00 D, the axial length was 30.77 mm, the CFT was 253 mm, and BCVA was 20/20. B. After 28 months,
the extent of outer and inner schisis expanded, the height of outer schisis increased, the CFT was 257 mm and the BCVA was 20/20. C. 50 months after
the first visit, the height of the schisis cavity in the superior region around the foveola decreased, the CFT was 252 mm, and BCVA was 20/20.
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Based on the current study, MRS eyes with a DSM
exhibited a higher degree of myopia and a longer axial
length than MRS eyes without a DSM, which was
consistent with previous reports.2,15,16 The occurrence
of a DSM is believed to be compensatory for uneven
expansion of the eyeball at the posterior pole. A cross-
sectional study with a large sample by Fang et al
applied a simulation model of the ocular wall at the
posterior pole and found that the extrafoveal region is
much weaker than the central fovea in the presence of
a DSM and inward traction, which may lead to MRS
occurring more often in the extrafoveal region. As the
applied stress increases, the DSM becomes more pro-
nounced, which leads to a higher incidence of MRS.15

In our study, the location of MRS was not significantly
related to the presence of a DSM. The reason for the
inconsistency with previous reports may be because of
the small sample size, selection bias of the specific
population, and the different states of inward forces
acting on the retina in our study.
The axial elongation of the eyeball and posterior

staphyloma are considered to be the main factors in the
pathogenesis of MRS, and vitreoretinal traction also
plays an important role in MRS progression.8,10,19 In
eyes with DSM, macular elevation alleviates the out-
ward traction produced by uneven globe elongation to
some extent; as a result, the likelihood of the occur-
rence of foveoschisis is reduced.18 Our results showed
that there was no significant difference in progression
rates between MRS patients with and without a DSM
during an average follow-up period of 48.3 months;
that is, the presence of a DSM did not seem to delay
the progression of MRS, for foveoschisis or extrafo-
veal retinoschisis, which suggested that many factors
may be involved in the pathogenesis of MRS. These
causative factors were also dynamic throughout the
natural course of MRS, such as progressive posterior
staphyloma and increased vitreoretinal traction. In the
progression of MRS, the protective effect of a DSM on

the macula may be weak and may not completely
counteract the multidirectional tractions, even for the
eyes with extrafoveal MRS.
In our study, in non-DSM eyes, the MRS pro-

gression rate was significantly higher in MRS eyes
with vitreoretinal traction than in MRS eyes without
vitreoretinal traction (55.8% vs. 32%), and the result
was similar to our previous report.12 Meanwhile, we
found that MRS eyes with a DSM located in the cen-
tral fovea showed a significantly higher MRS progres-
sion rate than those with a DSM located in the
parafovea (61.5% vs. 16.7%) in the follow-up period,
whereas there were no significant differences in the
width, height, or H/W ratio of the DSM between the
progressive, stable, and improved groups. In eyes with
DSM, the progression of MRS was related to the loca-
tion of the dome, but not to the shape of the dome. The
inward and outward traction causing the occurrence of
MRS may be predominantly oblique in some MRS
cases, and DSM located in an eccentric position of
the fovea pressed the macula inward and may produce
an oblique force that is axially close to the force pro-
duced by the posterior staphyloma simultaneously,
which resists outward traction from irregular axial
growth more effectively than DSM located in the cen-
tral fovea and may delay the development of MRS to
some extent.
Earlier studies found that although DSM eyes are in

a more myopic state, their visual function was not
significantly affected, probably because they have a
low incidence of macular lesions (i.e., choroidal
neovascularization and foveoschisis), which threaten
visual function.2,15,16 According to our observation,
the difference in BCVA between the DSM group
and non-DSM group was not significant at baseline,
and during the follow-up period, BCVA decreased
significantly in foveoschisis eyes with a DSM and in
foveoschisis and extrafoveal MRS eyes without a
DSM, whereas BCVA did not change significantly
between the first and last visits in extrafoveal MRS
eyes with a DSM. In the study of Cheng et al,20 poor
visual acuity was associated with ellipsoid zone dis-
ruption, and MRS eyes involving the entire macula
and with a CFT greater than 300 mm had a higher risk
of damage to the ellipsoid zone. In the current study,
we found by SD-OCT that the ellipsoid zone in most
DSM eyes was intact; moreover, for extrafoveal MRS
eyes, the structure of the entire macular neuroepithelial
layer was relatively intact in the fovea, which led to a
better BCVA. In our study, DSM eyes with visual loss
greater than two lines during follow-up had a signifi-
cantly higher CFT than those with visual loss less than
two lines, indicating that higher schisis cavity MRS
may indicate severe dysfunction of the visual

Table 2. Comparison of the Progression Rate of Myopic
Retinoschisis Eyes With and Without Dome-Shaped

Macula Based on Retinoschisis Classification

Progressed Stable Improved P

DSM (n) 0.7462
Present 10 9 6
Absent 32 24 12
Foveoschisis (n) 0.8019
DSM 5 7 4
Non-DSM 17 19 8
Extrafoveal
retinoschisis
(n)

0.6954

DSM 2 2 2
Non-DSM 10 5 4
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Table 3. Clinical and OCT Morphologic Characteristics Associated With Natural Course of Myopic Retinoschisis Eyes With and Without Dome-Shaped Macula

Characteristics
DSM Group Non-DSM Group

Progressed Stable Improved P Progressed Stable Improved P

Age (years), mean 6 SD 71.4 6 4.16 68.0 6 8.58 61.5 6 5.54 0.0301 61.1 6 7.61 64.7 6 10.28 60.8 6 8.23 0.2571
Refractive error (D), mean 6 SD 219.6 6 6.5 215.4 6 4.1 212.0 6 3.00 0.0166 212.4 6 4.86 213.0 6 4.58 214.7 6 6.37 0.5066
Axial length (mm), mean 6 SD
(range)

30.4 6 0.16 30.7 6 1.27 30.7 6 1.10 0.8122 29.4 6 1.39 28.9 6 1.57 29.0 6 1.28 0.5166

Schisis group (n) 0.2009 0.3166
Foveal 3 6 2 17 19 9
Extrafoveal 4 3 4 10 5 3
Schisis subtype (n) 0.1652 0.5354
Outer schisis 4 5 1 15 9 6
Outer and inner schisis 3 4 5 12 15 6
Vitreoretinal traction 0.5081 0.0341
Present 7 5 5 24 14 5
Absent 3 4 1 8 10 7
Subfoveal CT (mm) 26.0 6 10.7 27.3 6 21.4 26.4 6 18.2 0.8822 34.7 6 21.1 42.6 6 32.1 31.0 6 14.4 0.7823
CT at DSM (mm) 26.9 6 13.86 31.4 6 23.00 18.0 6 8 0.20 0.3368 — — — —

Width of DSM (mm) 1979.7 6 269.80 1868.0 6 308.67 1986.5 6 331.60 0.6613 — — — —

Height of DSM(mm) 92.5 6 38.70 83.0 6 29.35 86.0 6 54.6 0.6621 — — — —

H/W ratio of DSM 0.05 6 0.02 0.04 6 0.01 0.04 6 0.03 0.8849 — — — —

Location of DSM 0.0421 — — — —

Central fovea 8 3 2 — — — —

Parafovea 2 6 4 — — —

H, height; W, width.

E
V
O
L
U
T
IO

N
IN

M
R
S
W
IT
H

A
D
S
M

�
S
H
IW

E
I
L
I
E
T
A
L

9
8
1

Downloaded from http://journals.lww.com/retinajournal by 3XvZoI68wpkpurjWIXoboeIze1WiObzeGru6hKgsVqK
il08KrDcrLZjoaJVSfQDKBG2kbw6M9JjNSU11czFUNX+u0Vm/pktXQ+MGtG2Y/jDmBgI8DXVRlYYaaY7VQhdCkxmz5/ox5Kg= on

06/06/2023



conduction pathway at the retinal level, which has a
notable impact on vision prognosis. Meanwhile, we
found that MRS eyes with vitreoretinal traction had
a higher rate of visual loss in the non-DSM group.
Given its impact on macular configuration in the nat-

ural course of MRS, we speculated that vitreoretinal
traction promoted the progression of MRS and pre-
dicted the visual prognosis.
There were several limitations in the current study.

First, the impact of the different subtypes of DSM on
the natural history and visual prognosis of MRS could
not be analyzed because of the small sample size.
Second, we were unable to investigate the effect of the
interaction between the type of posterior staphyloma,
the location of vitreoretinal traction, and DSM on the
development of MRS because of the limitations of the
range and mode of the OCT scan.
To summarize, the current study demonstrated

that MRS eyes with a DSM were older and had a
more myopic status, including a longer axial length.
The presence of a DSM did not slow the progression
of retinoschisis, even for eyes with extrafoveal
retinoschisis. In DSM eyes, the progression rate of
MRS was higher in eyes with an older age, a higher
myopic degree, and a DSM located in the central
fovea. The height of the schisis cavity was a risk
factor for visual deterioration, and a DSM acted as a
protective factor for visual function in extrafoveal
MRS eyes.

Table 4. BCVA at the Initial and Last Visit in Myopic
Retinoschisis Eyes With and Without Dome-Shaped

Macula Based on Retinoschisis Classification

BCVA at First
Visit

BCVA at Last
Visit P

DSM group
(n = 25)

0.41 6 0.34 0.56 6 0.51 0.0002

Foveochisis
(n = 14)

0.33 6 0.33 0.36 6 0.34 0.0020

Extrafoveal
retinoschisis
(n = 11)

0.48 6 0.35 0.72 6 0.58 0.2500

Non – DSM
group (n = 68)

0.29 6 0.25 0.34 6 0.28 0.0019

Foveochisis
(n = 37)

0.27 6 0.28 0.31 6 0.30 0.0494

Extrafoveal
retinoschisis
(n = 31)

0.31 6 0.19 0.37 6 0.26 0.0091

Table 5. Comparison of Factors at the First Visit Between the Two Groups With BCVA Deterioration Greater and Less
Than Two Lines in MRS With and Without DSM

Factors
DSM Non-DSM

BCVA deterioration
$ 2 lines (n = 9)

BCVA deterioration
＜2 lines (n = 16) P

BCVA
deterioration $ 2
lines (n = 11)

BCVA
deterioration ＜2
lines (n = 57) P

Age (years),
mean 6 SD

68.3 6 8.02 67.3 6 7.26 0.7480 62.6 6 6.96 62.3 6 9.16 0.8986

Refractive error(D),
mean 6 SD

215.9 6 5.32 213.6 6 5.06 0.2943 211.0 6 3.35 213.4 6 5.25 0.1576

Axial length (mm),
mean 6 SD
(range)

30.5 6 1.14 30.6 6 1.19 0.7333 28.9 6 1.69 29.2 6 1.39 0.6421

Schisis group (n) 0.9056 0.0764
Foveal 7 8 7 20
Extrafoveal 2 8 4 37
Schisis subtype (n) 0.4281 0.1435
Outer schisis 5 5 8 28
Outer and inner
schisis

4 8 3 29

Vitreoretinal traction 0.9148 0.0232
Present 6 12 10 33
Absent 3 4 1 24
CFT (mm) 292.8 6 143.73 206.6 6 63.22 0.0478 233.3 6 70.29 237.2 6 61.09 0.8518
Subfoveal CT (mm) 30.4 6 21.50 24.4 6 12.76 0.0776 37.3 6 23.8 36.8 6 25.2 0.9499
CT at DSM (mm) 26.7 6 19.70 26.3 6 16.01 0.9546 — — —

Width of DSM (mm) 1886.3 6 329.96 1972.0 6 274.38 0.4930 — — —

Height of DSM(mm) 98.9 6 38.17 81.1 6 38.52 0.2784 — — —

H/W ratio of DSM 0.05 6 0.02 0.04 6 0.02 0.1376 — — —

Location of DSM 0.4941 — — —

Central fovea 6 7 — — —

Parafovea 3 9 — — —
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Key words: high myopia, myopic retinoschisis,
dome-shaped macula, natural course, visual acuity,
optical coherence tomography.
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OMEGA-3 FATTY ACIDS ARE
ASSOCIATED WITH DECREASED
PRESENCE AND SEVERITY OF DIABETIC
RETINOPATHY

A Combined Analysis of MESA and GOLDR
Cohorts

NATALIE L. WEIR, MS,* WEIHUA GUAN, PHD,† AMY B. KARGER, MD, PHD,*
BARBARA E. K. KLEIN, MD, MPH,‡ STACY M. MEUER, BS,‡ MARY FRANCES COTCH, PHD,§
XIUQING GUO, PHD,¶ XIAOHUI LI, PHD,¶ JINGYI TAN, PHD,¶ PAULINE GENTER, PHD,**
YII-DER IDA CHEN, PHD,¶ JEROME I. ROTTER, MD,¶ ELI IPP, MD,** MICHAEL Y. TSAI, PHD*

Purpose: Inflammation is associated with diabetic retinopathy development and
progression, and previous studies have demonstrated that omega-3 polyunsaturated fatty
acids have anti-inflammatory properties. Therefore, the goal of this study was to determine
if omega-3 polyunsaturated fatty acids, docosahexaenoic acid (DHA) and eicosapentae-
noic acid (EPA), are associated with decreased risk and severity of retinopathy in
individuals with type 2 diabetes.

Methods: In a combined population of 1,356 individuals with type 2 diabetes from the
Multi-Ethnic Study of Atherosclerosis and Genetics of Latino Diabetic Retinopathy cohorts,
odds ratios using logistic regression were determined to assess the association between
polyunsaturated fatty acids and retinopathy.

Results: In 1,356 participants with type 2 diabetes, individuals in the fourth quartile of
DHA were 17% less likely to have retinopathy compared with the first quartile (P = 0.009,
CI: 0.72–0.95). Secondary analysis revealed 38% lower severity of retinopathy in individuals
in the fourth quartile compared with the first quartile of DHA (P = 0.006; CI: 0.44–0.87) and
EPA + DHA (P = 0.004; CI: 0.44–0.85). No significant associations were observed between
EPA and retinopathy.

Conclusion: DHA is inversely associated with the presence and severity of diabetic
retinopathy. Increased intake of dietary sources of DHA may provide some protection
against retinopathy in individuals with type 2 diabetes and warrants more research as a
preventative option.

RETINA 43:984–991, 2023

Diabetic retinopathy (DR), a vision-threatening
microvascular complication of type 2 diabetes

(T2D), is a leading cause of blindness in adults, affect-
ing up to 33% of those with T2D in the United States.1

Evidence suggests that inflammation plays a role in the
development and progression of DR.2–5 In fact, char-
acteristics of inflammation such as retinal leukostasis,
vascular permeability, capillary degeneration, and pro-
inflammatory cytokines have been documented previ-
ously in both animal and human studies.2–5 Thus, DR
could, in part, be related to an irregular inflammatory
environment, allowing damage to the retina.

Polyunsaturated fatty acids (PUFAs) have a wide
range of functions including regulating the inflammatory
response.6 More specifically, omega-3 PUFAs, eicosa-
pentaenoic acid (EPA) and docosahexaenoic acid
(DHA), have the ability to mitigate inflammation through
reducing pathologic angiogenesis, suppressing reactive
oxygen species, and inhibiting inflammatory cytokine
production.7–10 Several studies have reported beneficial
roles of DHA and/or EPA in various diseases. DHA is
associated with decreased risk of Alzheimer disease,
whereas supplementation with EPA is more therapeutic
for depression, and a combined EPA + DHA supplement
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seems to improve cardiovascular outcomes.11–13 How-
ever, few studies have examined the association of indi-
vidual circulating levels of omega-3 PUFAs with DR.
Thus, the aim of the present study was to determine

the association between omega-3 PUFAs, EPA and
DHA, and the prevalence and severity of DR in a
combined cohort of individuals with diabetes from the
Multi-Ethnic Study of Atherosclerosis (MESA) and
Genetics of Latino Diabetic Retinopathy (GOLDR).

Methods

Population

The primary aim of MESA (http://www.mesa-nhlbi.
org) is to investigate the clinical and subclinical coro-
nary heart disease development and progression, and
the study design has been previously described.14 The
study adhered to the tenets of the Declaration of Hel-
sinki, and approval was obtained by each participating

site’s Institutional Review Board; all participants pro-
vided written informed consent. Briefly, MESA is a
prospective cohort of 6,814 adults, aged 45 to 84 years
at baseline (between 2000 and 2002), sampled from
six communities in the United States (Baltimore, MD;
Chicago, IL; Forsyth County, NC; Los Angeles
County, CA; New York, NY; and St. Paul, MN), with-
out evidence of clinical coronary heart disease at entry.
We included 785 participants with T2D at the sec-
ond examination for the current analysis. Diabetes
was defined as fasting glucose $7.0 mmol/L
($126 mg/dL) or use of insulin or oral hypoglycemic
medication. Plasma measurement of PUFAs was per-
formed on samples collected at Examination 1,
whereas retinal photography was performed at Exam-
ination 2 of the study (approximately 2 years after the
initial sample collection). Of the 6,814 participants,
911 were diabetic at Exam 2. We excluded those miss-
ing phospholipid fatty acids (n = 42), those without
retinal photography data (n = 29), and those missing
demographic and other covariates (n = 55), leaving a
total of 785 individuals in this MESA subcohort
(Figure 1).
The GOLDR study is family-based study assessing

diabetes and diabetic complications in families (sib-
lings and/or parents) of a proband, defined as having
T2D and either known DR or a diabetes duration of
$10 years, and the study design has been previously
described.15 Participants are all Latinos of Mexican or
Central American origin, recruited, and studied
between 2007 and 2012 at the Lundquist Institute (for-
merly the Los Angeles BioMedical Research Institute)
at Harbor-UCLA Medical Center. In total, data from
612 participants with T2D from 216 families, with
sizes ranging from one to eight members per family,
were used in the analyses. The study adhered to the
tenets of the Declaration of Helsinki, and approval was
obtained by each site’s Institutional Review Board; all
participants provided written informed consent. Exclu-
sions for this analysis were those missing data for DR
(n = 13), urine albumin (n = 9), and phospholipid fatty
acids (n = 19), with 571 GOLDR participants remain-
ing for analysis (Figure 1).

Retinal Photography and DR Grading

A standardized study protocol was followed for
digital fundus photography and retinal grading for
MESA at Exam 2 (between August 2020 and January
2004) and during the study period (2007 and 2012) for
GOLDR subcohorts. In MESA, both eyes of each
participant were photographed without pharmacologic
dilatation using a 45° 6.3-megapixel digital nonmydri-
atic camera (Canon, Lake Success, NY). GOLDR
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participants received dilated ophthalmic eye examina-
tions with seven standard 30° fields using digital ste-
reoscopic fundus photographs (Topcon TRC-50DX,
Tokyo, Japan). Standard software was used for image
acquisition and archiving (Eye QSL; Digital Health-
care, Inc, Cambridge, England). Images were sent
from each field center from both MESA and GOLDR
studies to the Ocular Epidemiology Reading Center at
the University of Wisconsin, Madison, for assessment
of retinopathy and other retinal diseases.15,16 For the
purpose of these studies, participants were grouped
into four classes of increasing severity according to
the modified Arlie House Classification Scheme and
Early Treatment Diabetic Retinopathy Study severity
scale: no retinopathy (Levels 10–13), mild nonproli-
ferative DR (Levels 14–31), moderate or severe non-
proliferative DR (Levels 37–53), and proliferative DR
(Levels 60–85).17

Phospholipid Fatty Acid Profiles

Twelve-hour fasting blood was drawn, and EDTA
anticoagulant tubes were collected and stored at 270°
C using a standardized protocol.14 Measurement of
phospholipid fatty acids was performed at the Univer-
sity of Minnesota for both MESA (Examination 1) and
GOLDR populations. MESA participant samples were
measured in three batches: Batch 1 (n = 1,000) in
2005, Batch 2 (n = 1,880) in 2008, and Batch 3 (n =

3,900) in 2012. GOLDR participant samples were
measured in 2019. All samples were measured using
the same method and instrumentation. Phospholipid
fatty acid profiles were extracted from EDTA plasma
using a chloroform/methanol method.18 Lipids are ex-
tracted with a mixture of chloroform and methanol
(2:1, volume for volume), and fractions are separated
using thin-layer chromatography. The phospholipid
band is harvested and derivatized to methyl esters.
The final product is dissolved in heptane and injected
onto a single capillary Varian CP7420 100-m column
with a Hewlet Packard 5890 gas chromatograph and a
flame ionization detector. The system is interphased
with HP Chemstation software. Fatty acids were ex-
pressed as a percent of total phospholipid fatty acids.
The following representative coefficients of variation
were obtained for the relevant PUFAs (n = 100): EPA
= 7.2% and DHA = 7.9%.

Covariates and Demographic Characteristics

Blood samples were assayed for covariates and
biochemical risk factors, including insulin, glucose,
hemoglobin A1c (HbA1c), albumin, and cholesterol
levels, and urine was assayed for albumin and
creatinine. For MESA participants, analyses were
performed at a central site at the Advanced Research
and Diagnostics Laboratory at University of Minne-
sota (Minneapolis, MN) using standardized methods
previously described.19,20 For GOLDR participants,
standard clinical and urinary assays were performed
in the general clinical laboratory at Harbor-UCLA
Medical Center, and investigative biochemical assays
were performed at the biochemistry laboratories at
Lundquist Institute using standardized methods previ-
ously described.18 Information regarding age, sex,
race/ethnicity, education, and medication and lifestyle
factors was obtained by questionnaires for both MESA
and GOLDR cohorts. Anthropometric measurements
(height [in meters], weight [in kilograms], and waist
circumference) and vital signs (blood pressure and
pulse) were collected at baseline examinations.

Statistical Methods

Statistical analysis was conducted using Stata
(version 16.1; Stata Corp, College Station, TX) for
analysis of MESA data. Baseline characteristics were
presented as median (interquartile range) for continu-
ous variables and frequency (%) for categorical
variables. Missing data were excluded when calculat-
ing frequencies. Fatty acids were divided into quar-
tiles, and logistic regression was used to estimate odds
ratios of quartiles of fatty acids on the presence of
diabetic retinopathy, with a 95% confidence interval

Fig. 1. Inclusion/exclusion criteria for MESA and GOLDR study par-
ticipants.
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calculated. Statistical adjustments were made for age,
sex, hypertension medication, HbA1c, urine albumin,
and racial/ethnic group. Other covariates, including
BMI, smoking and drinking status, education, chronic
kidney disease, physical activity, CRP, systolic and
diastolic blood pressure, and batch of fatty acid
measures, were also considered but were not statisti-
cally significant in the multivariate model (using
MESA data) and therefore were not adjusted. The
GOLDR participants are clustered by families. A
generalized estimating equation model was used with
binomial distribution and logit link function, using
SAS (version 9.4; SAS Institute, Inc, Cary, NC).
MESA and GOLDR results were combined using a
fixed-effect meta-analysis. Heterogeneity I2 was calcu-
lated to assess potential heterogeneity between the two
studies. An I2 .30% was considered as evidence for
heterogeneous results.
In a secondary analysis, severity of retinopathy (no

retinopathy, mild nonproliferative, moderate or severe
nonproliferative, and proliferative) was analyzed as an
ordinal outcome using proportional odds logistic
regression. The covariates were the same as described
above. The proportional odds assumption was as-
sessed using a score test. Because the samples in
GOLDR are related, a generalized estimating equation
model was used to analyze GOLDR data, using a R
package “multigee.” Results from MESA and GOLDR
were combined using a fixed-effect meta-analysis.

Results

Among the 1,356 participants included in this study,
there were 253 MESA participants at Exam 2 and 318
GOLDR participants with retinopathy. Baseline demo-
graphic and biomarker characteristics categorized by
the presence of retinopathy are shown in Table 1 and
Supplemental Digital Content 1 (see Table 1, http://
links.lww.com/IAE/B923). Individuals with retinopa-
thy were statistically more likely to be Black or His-
panic (P = 0.003), have higher systolic blood pressure
(P = 0.03), have a higher HbA1c (P , 0.001), and
have urine albumin/creatinine levels .30 (P , 0.001)
compared with those without retinopathy. There were
no significant differences for the MESA cohort in age,
sex, education level, smoking status, hypertension
medication use, BMI, diastolic blood pressure levels,
self-reported kidney disease, physical activity, fatty
acid batch, and levels of EPA or DHA between those
with and without retinopathy. Cases in the GOLDR
study were more likely to be male, have higher systolic
blood pressure levels (P , 0.001), exhibit a higher
level of HbA1c (P, 0.001), have self-reported kidney

disease (P = 0.006), have urine albumin/creatinine
levels .30 (P , 0.001), but have a lower BMI (P =
0.01) and lower levels of EPA (P = 0.03). No signif-
icant differences for the GOLDR cohort were observed
in age, smoking status, hypertension medication use,
diastolic blood pressure, or alcohol use between those
with and without retinopathy.
Individual and combined omega-3 PUFA levels

with the presence of retinopathy are presented in
Table 2. Adjustments for age, sex, race/ethnicity,
hypertension medication use, HbA1c, systolic and dia-
stolic blood pressure, and urinary albumin/creatinine
were performed. Significant associations were
observed with DHA in both cohorts when comparing
fourth and first quartiles (P = 0.018) for MESA par-
ticipants and third and first quartiles (P = 0.01) for
GOLDR participants after multivariable adjustments.
Similar associations were observed with combined
omega-3s, EPA + DHA, when comparing fourth and
first quartiles for both MESA participants (P = 0.025)
and GOLDR participants (P = 0.04) after multivariable
adjustments. No significant associations were
observed with EPA for either of the cohorts. In sup-
plementary analysis of Hispanic participants only,
comparable results were observed and shown in Sup-
plemental Digital Content 1 (see Table 2, http://links.
lww.com/IAE/B924).
Fixed-effect meta-analysis revealed strong inverse

associations with DHA and combined EPA + DHA
when comparing fourth and first quartiles (P = 0.009
and P = 0.004, respectively) (Table 2). Individuals in
the highest quartile of DHA were 17% less likely to
have diabetic retinopathy (OR = 0.83, P = 0.009). A
moderate heterogeneity was observed between the two
studies (I2 = 36%). We observed a slightly larger
reduction in the presence of DR between the first
and third quartiles (OR = 0.73, P, 0.001). In contrast,
EPA only showed marginal significance in association
with prevalence of DR (OR = 0.87, P = 0.07) in the
meta-analysis. When EPA and DHA were combined,
individuals in the highest quartile were also 19% less
likely to have diabetic retinopathy than those in the
first quartile (OR = 0.81, P = 0.004). Again, a mar-
ginally larger reduction in prevalent DR was observed
between the first and third quartiles (OR = 0.75, P ,
0.001).
In a secondary analysis, we analyzed the severity of

DR as an ordinal outcome, adjusting for the same set
of covariates (Table 3). Using a proportional odds
model, we observed significant associations between
quartiles of DHA and severity levels of DR (fourth vs.
first quartile: OR = 0.62, P = 0.006 in meta-analysis),
and between quartiles of DHA + EPA and severity of
DR (fourth vs. first quartile: OR = 0.61, P = 0.004),
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but not for EPA alone (fourth vs. first quantile OR =
0.75, P = 0.096). Results from MESA and GOLDR
studies are mostly consistent (I2 = 0% in all but two
comparisons). The proportional odds assumption was
not rejected in MESA data (P . 0.10 for all analyses).
A similar test cannot be done in GOLDR because of
related samples, and a test ignoring the relatedness
showed mostly nonsignificant P-values in GOLDR
(except for EPA, P = 0.028).

Discussion

In a cross-sectional fixed-effect meta-analysis from
a subcohort of 785 MESA and 571 GOLDR partici-
pants with type 2 diabetes, higher omega-3 PUFAs,
DHA and EPA + DHA combined, were significantly
associated with lower prevalence of diabetic retinopa-
thy. Additionally, an inverse association with severity
of retinopathy was also observed with DHA and EPA
+ DHA combined. No significant associations were
observed with the prevalence or severity of retinopathy

and EPA alone. These data suggest that DHA, but not
EPA, may exert a protective effect on diabetic retinop-
athy in participants with type 2 diabetes.
Currently, there is a paucity of studies examining

the effects of fatty acids on retinopathy in human
populations. To our knowledge, this is the first study
to examine circulating long-chain omega-3 fatty acids,
both individually and combined, with the presence and
severity of retinopathy in individuals with T2D.
Overall, our results are in line with the findings from
the PREDIMED trial, wherein Sala-Vila et al21 pro-
spectively evaluated incident sight-threatening DR in
3,614 individuals with diabetes. Using food frequency
questionnaires, consumption of fish and omega-3 PU-
FA intake was used to stratify participants based on
whether they met (yes/no) the recommendation of
International Society for the Study of Fatty Acids
and Lipids (ISSFAL) to consume at least 500 mg per
day of long-chain omega-3 PUFAs (EPA and DHA).
Individuals who met the ISSFAL recommendation
showed a 46% decrease risk (P = 0.001) of sight-
threatening DR compared with those who did not meet

Table 1. Baseline Characteristics for MESA (n = 785) and GOLDR (n = 571) Populations

Demographics

MESA
N = 785

GOLDR
N = 571

Controls (No DR) Cases (DR) P Controls (No DR) Cases (DR) P

n (%) 532 (67.8) 253 (32.2) 253 (44.3) 318 (55.7)
Age, mean (SD)* 65.5 (9.3) 64.9 (9.4) 0.37 54.1 (10.7) 53.2 (10.2) 0.28
Sex, n (% male) 273 (51.3%) 132 (52.2%) 0.82 85 (33.6%) 136 (42.8%) 0.03
Race 0.003 NA
White, Caucasian 136 (25.6%) 37 (14.6%) — —

Chinese-American 67 (12.6%) 28 (11.1%) — —

Black, African American 175 (32.9%) 104 (41.1%) — —

Hispanic 154 (28.9%) 84 (33.2%) 253 (100%) 318 (100%)
Hypertension medication use
(yes/no)

366 (68.8%) 183 (72.3%) 0.31 153 (60.5%) 217 (68.2%) 0.07

BMI (kg/m2), mean (SD) 30.95 (6.04) 30.30 (5.94) 0.16 33.13 (6.54) 31.71 (6.95) 0.01
Systolic blood pressure (mmHg),
mean (SD)

129.3 (20.3) 134.4 (25.3) 0.03 127.1 (16.3) 132.24 (19.3) ,0.001

HbA1c, mean (SD) 7.07 (1.49) 7.82 (1.84) ,0.001 7.88 (1.85) 8.92 (2.01) ,0.001
Kidney disease (self-reported) 0.93 0.006
No 512 (96.2%) 243 (96.0%) 243 (96.0%) 290 (91.2%)
Yes 17 (3.2%) 8 (3.2%) 4 (1.6%) 23 (7.2%)
Do not know 3 (0.6%) 2 (0.8%) 6 (2.4%) 5 (1.6%)

Urine albumin/creatinine ,0.001 ,0.001
Normal (,30 mg/g creatinine) 411 (77.3%) 159 (62.8%) 217 (85.8%) 198 (62.3%)
30–299 mg/g creatinine 101 (19.0%) 76 (30.0%) 3 (1.2%) 61 (19.2%)
$300 mg/g creatinine 20 (3.8%) 18 (7.1%) 33 (13.0%) 59 (18.6%)

Alcohol use, current use 192 (36.1%) 92 (36.4%) 0.94 53 (20.9%) 75 (23.6%) 0.68
Area % 20:5n3 (EPA) 0.88 (0.77) 0.81 (0.62) 0.22 0.64 (0.48) 0.56 (0.31) 0.03
Area % 22:6n3 (DHA) 3.85 (1.40) 3.73 (1.49) 0.24 3.11 (1.07) 2.97 (1.01) 0.11
Area % EPA + DHA, mean (SD) 4.73 (2.01) 4.53 (1.95) 0.20 3.75 (1.38) 3.53 (1.17) 0.04

Bold font indicates significance.
BMI, body mass index.
*Age at Exam 2 for MESA.
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Table 2. Cross-sectional Association Between n-3 Fatty Acids and Presence of Diabetic Retinopathy (Yes/No) in GOLDR
and MESA Participants

MESA
N = 785

GOLDR
N = 571

Meta-analysis
N = 1,356 Heterogeneity I2

OR (95% CI) P OR (95% CI) P OR (95% CI) P %

EPA
Quartile 1 Ref Ref Ref
Quartile 2 0.98 (0.74, 1.31) 0.89 0.94 (0.81, 1.11) 0.46 0.95 (0.82, 1.10) 0.48 0
Quartile 3 1.13 (0.87, 1.47) 0.37 0.96 (0.83, 1.11) 0.62 1.00 (0.88, 1.13) 0.83 9.9
Quartile 4 0.93 (0.69, 1.26) 0.67 0.85 (0.71, 1.01) 0.07 0.87 (0.75, 1.01) 0.07 0

DHA
Quartile 1 Ref Ref Ref
Quartile 2 0.75 (0.57, 0.99) 0.042 0.92 (0.80, 1.05) 0.21 0.88 (0.78, 1.00) 0.049 41
Quartile 3 0.61 (0.44, 0.83) 0.0021 0.78 (0.65, 0.94) 0.01 0.73 (0.62, 0.86) ,0.001 44
Quartile 4 0.70 (0.53, 0.94) 0.018 0.87 (0.74, 1.03) 0.10 0.83 (0.72, 0.95) 0.009 36

EPA + DHA
Quartile 1 Ref Ref Ref
Quartile 2 0.68 (0.51, 0.89) 0.0062 0.90 (0.78, 1.05) 0.18 0.84 (0.74, 0.96) 0.012 68
Quartile 3 0.56 (0.42, 0.76) ,0.001 0.81 (0.69, 0.95) 0.01 0.75 (0.65, 0.86) ,0.001 77
Quartile 4 0.72 (0.53, 0.96) 0.025 0.84 (0.72, 1.00) 0.04 0.81 (0.70, 0.93) 0.004 0

Covariate adjustments were age, sex, race/ethnicity, hypertension medication use, systolic blood pressure, diastolic blood pressure,
HbA1c, and urinary albumin/creatinine.
Quartile ranges for MESA were defined as EPA: Q1, 0.13 to 0.47, n = 194; Q2, 0.47 to 0.65, n = 191; Q3, 0.65 to 0.92, n = 203; Q4, 0.92

to 8.89, n = 197. DHA: Q1, 0.85 to 2.74, n = 198; Q2, 2.75 to 3.57, n = 190; Q3, 3.57 to 4.62, n = 199; Q4, 4.63 to 10.07, n = 198. EPA +
DHA: Q1, 0.99 to 3.32, n = 194; Q2, 3.33 to 4.22, n = 193; Q3, 4.22 to 5.49, n = 199; Q4, 5.50 to 17.49, n = 199.
Quartile ranges for GOLDR were defined as EPA: Q1, 0.04 to 0.36, n = 142; Q2, 0.36 to 0.51, n = 143; Q3, 0.51 to 0.71, n = 143; Q4, 0.71

to 5.34, n = 142. DHA: Q1, 0.80 to 2.30, n = 142; Q2, 2.30 to 2.91, n = 143; Q3, 2.91 to 3.58, n = 143; Q4, 3.59 to 7.58, n = 142. EPA +
DHA: Q1, 1.02 to 2.74, n = 142; Q2, 2.74 to 342, n = 143; Q3, 3.42 to 4.23, n = 143; Q4, 4.24 to 12.55, n = 142.
Bold font indicates significance.

Table 3. Association Between n-3 Fatty Acids and Severity of Retinopathy (No Retinopathy, Mild Nonproliferative,
Moderate or Severe Nonproliferative, Proliferative) in GOLDR and MESA Studies

MESA
N = 785

GOLDR
N = 571

Meta-analysis
N = 1,356 Heterogeneity I2

OR (95% CI) P OR (95% CI) P OR (95% CI) P %

EPA
Quartile 1 Ref Ref Ref
Quartile 2 0.83 (0.53, 1.30) 0.42 0.88 (0.56, 1.38) 0.58 0.86 (0.63, 1.17) 0.33 0
Quartile 3 0.87 (0.56, 1.34) 0.52 0.80 (0.51, 1.25) 0.33 0.83 (0.61, 1.14) 0.26 0
Quartile 4 0.76 (0.48, 1.21) 0.24 0.74 (0.45, 1.21) 0.23 0.75 (0.54, 1.05) 0.096 0

DHA
Quartile 1 Ref Ref Ref
Quartile 2 0.63 (0.41, 0.98) 0.039 0.79 (0.52, 1.22) 0.29 0.71 (0.52, 0.96) 0.027 0
Quartile 3 0.47 (0.29, 0.76) 0.0019 0.64 (0.40, 1.04) 0.07 0.55 (0.39, 0.77) ,0.001 0
Quartile 4 0.49 (0.30, 0.79) 0.0032 0.79 (0.48, 1.28) 0.33 0.62 (0.44, 0.87) 0.006 48

EPA + DHA
Quartile 1 Ref Ref Ref
Quartile 2 0.52 (0.34, 0.82) 0.004 0.69 (0.45, 1.05) 0.09 0.60 (0.44, 0.82) 0.001 0
Quartile 3 0.38 (0.24, 0.62) ,0.001 0.65 (0.49, 1.02) 0.06 0.51 (0.36, 0.70) ,0.001 59
Quartile 4 0.52 (0.33, 0.84) 0.0068 0.71 (0.44, 1.14) 0.15 0.61 (0.44, 0.85) 0.004 0

Results are based on proportional odds logistic model.
Covariate adjustments were age, sex, race/ethnicity, hypertension medication use, HbA1c, and urinary albumin/creatinine.
Quartile ranges for MESA were defined as EPA: Q1, 0.13 to 0.47, n = 194; Q2, 0.47 to 0.65, n = 191; Q3, 0.65 to 0.92, n = 203; Q4, 0.92

to 8.89, n = 197. DHA: Q1, 0.85 to 2.74, n = 198; Q2, 2.75 to 3.57, n = 190; Q3, 3.57 to 4.62, n = 199; Q4, 4.63 to 10.07, n = 198. EPA +
DHA: Q1, 0.99 to 3.32, n = 194; Q2, 3.33 to 4.22, n = 193; Q3, 4.22 to 5.49, n = 199; Q4, 5.50 to 17.49, n = 199.
Quartile ranges for GOLDR were defined as EPA: Q1, 0.04 to 0.36, n = 142; Q2, 0.36 to 0.51, n = 143; Q3, 0.51 to 0.71, n = 143; Q4, 0.71

to 5.34, n = 142. DHA: Q1, 0.80 to 2.30, n = 142; Q2, 2.30 to 2.91, n = 143; Q3, 2.91 to 3.58, n = 143; Q4, 3.59 to 7.58, n = 142. EPA +
DHA: Q1, 1.02 to 2.74, n = 142; Q2, 2.74 to 342, n = 143; Q3, 3.42 to 4.23, n = 143; Q4, 4.24 to 12.55, n = 142.
Bold font indicates significance.

N-3 FAs DECREASES DIABETIC RETINOPATHY � WEIR ET AL 989

Copyright © by Ophthalmic Communications Society, Inc. Unauthorized reproduction of this article is prohibited.

D
ow

nloaded from
 http://journals.lw

w
.com

/retinajournal by 3X
vZ

oI68w
pkpurjW

IX
oboeIze1W

iO
bzeG

ru6hK
gsV

qK
il08K

rD
crLZ

joaJV
S

fQ
D

K
B

G
2kbw

6M
9JjN

S
U

11czF
U

N
X

+
u0V

m
/pktX

Q
+

M
G

tG
2Y

/jD
m

B
gI8D

X
V

R
lY

Y
aaY

7V
Q

hdC
A

jL0N
U

L9C
J0=

 on
06/06/2023



the recommendation after multivariate adjustment for
classic risk factors. Thus, the results from the present
study in which DHA and combined EPA and DHA
were inversely associated with prevalent retinopathy
may provide an explanation for the findings from
PREDIMED. Furthermore, our results suggest that
the potential beneficial effect of omega-3 PUFAs on
diabetic retinopathy is due to mostly, if not exclu-
sively, the intake of DHA. In addition, our findings
from both the MESA and GOLDR cohorts indicate the
beneficial effect of DHA plateaus at or around the
median value (3%), suggesting that there is a dimin-
ishing return of the protective effect of DHA against
retinopathy above that level.
Two other studies have evaluated similar outcomes

with PUFAs, but comparability to our study is difficult
because of the nature of the exposure variable and the
participant characteristics. Sasaki et al22 found reduced
odds and severity of DR with increased dietary intake
of total PUFAs among 379 participants with diabetes
in a multivariate analysis. Significant associations
were only observed for the subset of well-controlled
diabetic participants. However, this study evaluated
total PUFA intake rather than either omega-3 PUFAs
or omega-6 PUFAs, making the results difficult to
interpret. Alternatively, Kaushik et al23 reported bor-
derline beneficial effects from fish oil consumption
(consumption of fish twice per week vs. less than once
per week) in individuals with normal fasting glucose
in an Australian cohort study. Although the results are
in line with our study, it must be noted that one of the
end points used in that study, arteriovenous nicking, is
primarily the result of hypertension rather than diabe-
tes. Additionally, the majority of that study population
(93%) did not have diabetes.
The present results align with findings from animal

models of diabetes and retinopathy and also corrob-
orate our results. Sapieha et al24 demonstrated that
diabetic mice fed omega-3-enriched diets had signif-
icantly less retinal deterioration compared with dia-
betic mice on normal chow diets. Tikhonenko et al25

similarly showed that DHA-rich diets prevented type
2 diabetic rats from developing retinal acellular capil-
laries and blocked upregulation of inflammatory com-
pounds. Connor et al7 showed that mice with oxygen-
induced retinopathy subjected to increased omega-3
PUFA intake had increased regrowth of vessels and
decreased expression of inflammatory markers.
The strengths of the present study include the use of

blood fatty acid analysis allowing for a more specific
analysis of each individual omega-3 PUFAs as
compared with fatty acids assessed through food
frequency questionnaires and dietary recall methods,

an ethnically/racially diverse population of individuals
with type 2 diabetes, and two separate cohorts
allowing for fixed-effect analysis and confirmation.
However, there are some limitations that need to be
highlighted. First, in the MESA population, phospho-
lipid fatty acids were measured at the first examina-
tion, whereas retinal fundus photography was analyzed
at the second examination. The difference of approx-
imately 2 years between the main effect and outcome
could account for some variation in the analysis. How-
ever, we previously reported that repeated measure-
ment of fatty acids over time is modestly correlated,
and thus, one measurement is sufficient for long-term
follow-up studies.26 Alternatively, as the disease may
not have developed until after Exam 1, a temporal
association may be supported with this analysis, but
the true role is unknown. Additionally, the inclusion of
the GOLDR cohort, a separate cohort with blood col-
lection for fatty acids and fundus photography per-
formed concurrently, strengthens the association
observed in the MESA cohort. Second, it was not
possible for us to assess duration of diabetes for the
MESA cohort because of the study not originally de-
signed as a diabetes study. Third, the relatively few
participants did not allow for stratified analysis by
race/ethnicity or sex. However, a test for interaction
with sex was performed, and no significant associa-
tions were observed (P . 0.05). Fourth, although both
MESA and GOLDR used the same ETDRS grading
for diabetic retinopathy and levels were grouped
together consistently through both cohorts, some var-
iation in severity levels may exist because of GOLDR
having more severe cases than MESA. Finally, reti-
nopathy was categorized only as present or absent and
did not account for progression or possible regression
of retinopathy over time.
In conclusion, the present study demonstrated that

higher levels of DHA and combined EPA + DHA are
associated with reduced odds of retinopathy in a type 2
diabetic population. Furthermore, reduced severity
was also observed with higher levels of DHA and
EPA + DHA combined. Collectively, these results
suggest that circulating omega-3 PUFAs may exert a
beneficial influence on pathophysiology of retinopa-
thy. Further studies are required to determine whether
dietary modifications to increase omega-3 fatty acids
might reduce the incidence and/or severity of retinop-
athy in individuals with diabetes, and if so, how these
modifications could be tailored to influence cultural
dietary norms and/or prevention therapy.27

Key words: DHA, diabetic retinopathy, EPA,
GOLDR, MESA, omega-3 PUFAs.

990 RETINA, THE JOURNAL OF RETINAL AND VITREOUS DISEASES � 2023 � VOLUME 43 � NUMBER 6

Copyright © by Ophthalmic Communications Society, Inc. Unauthorized reproduction of this article is prohibited.

D
ow

nloaded from
 http://journals.lw

w
.com

/retinajournal by 3X
vZ

oI68w
pkpurjW

IX
oboeIze1W

iO
bzeG

ru6hK
gsV

qK
il08K

rD
crLZ

joaJV
S

fQ
D

K
B

G
2kbw

6M
9JjN

S
U

11czF
U

N
X

+
u0V

m
/pktX

Q
+

M
G

tG
2Y

/jD
m

B
gI8D

X
V

R
lY

Y
aaY

7V
Q

hdC
A

jL0N
U

L9C
J0=

 on
06/06/2023



References

1. Cheung N, Chee ML, Klein R, et al. Incidence and progression
of diabetic retinopathy in a multi-ethnic US cohort: the Multi-
Ethnic Study of Atherosclerosis. Br J Ophthalmol 2021;106:
1264–1268.

2. Tang J, Kern TS. Inflammation in diabetic retinopathy. Prog
Retin Eye Res 2011;30:343–358.

3. Kern TS. Contributions of inflammatory processes to the
development of the early stages of diabetic retinopathy. Exp
Diabetes Res. 2007;2007:1–14.

4. Joussen AM, Poulaki V, Le ML, et al. A central role for
inflammation in the pathogenesis of diabetic retinopathy. FA-
SEB J 2004;18:1450–1452.

5. Kuo JZ, Guo X, Klein R, et al. Systemic soluble tumor necrosis
factor receptors 1 and 2 are associated with severity of diabetic
retinopathy in Hispanics. Ophthalmology 2012;119:1041–
1046.

6. Calder PC. N-3 Polyunsaturated fatty acids, inflammation, and
inflammatory diseases. Am J Clin Nutr 2006;83:1505S–1519S.

7. Connor KM, SanGiovanni JP, Lofqvist C, et al. Increased
dietary intake of omega-3-polyunsaturated fatty acids reduces
pathological retinal angiogenesis. Nat Med 2007;13:868–873.

8. Schnebelen C, Gregoire S, Pasquis B, et al. Dietary n-3 and n-6
PUFA enhance DHA incorporation in retinal phospholipids
without affecting PGE(1) and PGE(2) levels. Lipids 2009;44:
465–470.

9. Chen W, Esselman WJ, Jump DB, Busik JV. Anti-inflamma-
tory effect of docosahexaenoic acid on cytokine-induced adhe-
sion molecule expression in human retinal vascular endothelial
cells. Invest Ophthalmol Vis Sci 2005;46:4342–4347.

10. Matesanz N, Park G, McAllister H, et al. Docosahexaenoic
acid improves the nitroso-redox balance and reduces VEGF-
mediated angiogenic signaling in microvascular endothelial
cells. Invest Ophthalmol Vis Sci 2010;51:6815–6825.

11. Morris MC, Evans DA, Bienias JL, et al. Consumption of fish
and n-3 fatty acids and risk of incident Alzheimer disease.
Arch Neurol 2003;60:940–946.

12. Martins JG. EPA but not DHA appears to be responsible for
the efficacy of omega-3 long chain polyunsaturated fatty acid
supplementation in depression: evidence from a meta-analysis
of randomized controlled trials. J Am Coll Nutr 2009;28:525–
542.

13. Djuricic I, Calder PC. Beneficial outcomes of omega-6 and
omega-3 polyunsaturated fatty acids on human health: an
update for 2021. Nutrients 2021;13:2421.

14. Bild DE, Bluemke DA, Burke GL, et al. Multi-ethnic study of
atherosclerosis: objectives and design. Am J Epidemiol 2002;
156:871–881.

15. Kuo JZ, Guo X, Klein R, et al. Association of fasting insulin
and C peptide with diabetic retinopathy in Latinos with type 2
diabetes. BMJ Open Diabetes Res Care 2014;2:e000027.

16. Wong TY, Klein R, Islam FA, et al. Diabetic retinopathy in a
multi-ethnic cohort in the United States. Am J Ophthalmol
2006;141:446–455.e1.

17. Early Treatment Diabetic Retinopathy Study Research Group.
Grading diabetic retinopathy from stereoscopic color fundus
photographs–an extension of the modified Airlie House classi-
fication. ETDRS report number 10. Ophthalmology 1991;98:
786–806.

18. Cao J, Schwichtenberg KA, Hanson NQ, Tsai MY. Incorpora-
tion and clearance of omega-3 fatty acids in erythrocyte mem-
branes and plasma phospholipids. Clin Chem 2006;52:2265–
2272.

19. Klein BEK, Knudtson MD, Tsai MY, Klein R. The relation of
markers of inflammation and endothelial dysfunction to the
prevalence and progression of diabetic retinopathy: Wisconsin
epidemiologic study of diabetic retinopathy. Arch Ophthalmol
2009;127:1175–1182.

20. Tsai MY, Johnson C, Kao WL, et al. Cholesteryl ester transfer
proteingenetic polymorphisms, HDL cholesterol, and subclin-
ical cardiovascular disease in the Multi-Ethnic Study of Ath-
erosclerosis. Atherosclerosis 2008;200:359–367.

21. Sala-Vila A, Díaz-López A, Valls-Pedret C, et al. Dietary
marine v-3 fatty acids and incident sigh-threatening retinopa-
thy in middle-aged and older individuals with type 2 diabetes:
prospective investigation from the PREDIMED trial. JAMA
Ophthalmol 2016;134:1142–1149.

22. Sasaki M, Kawasaki R, Rogers S, et al. The associations of
dietary intake of polyunsaturated fatty acids with diabetic ret-
inopathy in well-controlled diabetes. Invest Ophthalmol Vis
Sci 2015;56:7473–7479.

23. Kaushik S, Wang JJ, Flood V, et al. Frequency of fish con-
sumption, retinal microvascular signs and vascular mortality.
Microcirculation 2008;15:27–36.

24. Sapieha P, Chen J, Stahl A, et al. Omega-3 polyunsaturated
fatty acids preserve retinal function in type 2 diabetic mice.
Nutr Diabetes 2012;2:e36.

25. Tikhonenko M, Lydic TA, Opreanu M, et al. N-3 polyunsatu-
rated fatty acids prevent diabetic retinopathy by inhibition of
retinal vascular damage and enhanced endothelial progenitor
cell reparative function. PLoS One 2013;8:e55177.

26. Djousse L, Petrone AB, Weir NL, et al. Repeated versus single
measurement of plasma omega-3 fatty acids and risk of heart
failure. Eur J Nutr 2014;53:1403–1408.

27. Chung H, Nettleton JA, Lemaitre RN, et al. Frequency and
type of seafood consumed influence plasma (n-3) fatty acid
concentrations. J Nutr 2008;138:2422–2427.

N-3 FAs DECREASES DIABETIC RETINOPATHY � WEIR ET AL 991

Copyright © by Ophthalmic Communications Society, Inc. Unauthorized reproduction of this article is prohibited.

D
ow

nloaded from
 http://journals.lw

w
.com

/retinajournal by 3X
vZ

oI68w
pkpurjW

IX
oboeIze1W

iO
bzeG

ru6hK
gsV

qK
il08K

rD
crLZ

joaJV
S

fQ
D

K
B

G
2kbw

6M
9JjN

S
U

11czF
U

N
X

+
u0V

m
/pktX

Q
+

M
G

tG
2Y

/jD
m

B
gI8D

X
V

R
lY

Y
aaY

7V
Q

hdC
A

jL0N
U

L9C
J0=

 on
06/06/2023



COMPARATIVE ANALYSIS OF OCT AND
OCT ANGIOGRAPHY CHARACTERISTICS
IN EARLY DIABETIC RETINOPATHY

DAVID LE, BS,* ALBERT DADZIE, OD,* TAEYOON SON, PHD,* JENNIFER I. LIM, MD,†
XINCHENG YAO, PHD*†

Purpose: To assess the quantitative characteristics of optical coherence tomography
(OCT) and OCT angiography (OCTA) for the objective detection of early diabetic retinopathy
(DR).

Methods: This was a retrospective and cross-sectional study, which was carried out at a
tertiary academic practice with a subspecialty. Twenty control participants, 15 people with
diabetics without retinopathy (NoDR), and 22 people with mild nonproliferative diabetic
retinopathy (NPDR) were included in this study. Quantitative OCT characteristics were
derived from the photoreceptor hyperreflective bands, i.e., inner segment ellipsoid (ISe)
and retinal pigment epithelium (RPE). OCTA characteristics, including vessel diameter index
(VDI), vessel perimeter index (VPI), and vessel skeleton density (VSD), were evaluated.

Results: Quantitative OCT analysis indicated that the ISe intensity was significantly
trending downward with DR advancement. Comparative OCTA revealed VDI, VPI, and VSD
as the most sensitive characteristics of DR. Correlation analysis of OCT and OCTA
characteristics revealed weak variable correlation between the two imaging modalities.

Conclusion: Quantitative OCT and OCTA analyses revealed photoreceptor and vascular
distortions in early DR. Comparative analysis revealed that the OCT intensity ratio, ISe/RPE,
has the best sensitivity for early DR detection. Weak variable correlation of the OCT and
OCTA characteristics suggests that OCT and OCTA are providing supplementary
information for DR detection and classification.

RETINA 43:992–998, 2023

According to estimates, 45% of patients with DM
experience vision impairment linked with DR, yet

only 50% are aware of their DR.1 Nonproliferative dia-
betic retinopathy (NPDR) is an early stage of DR that is
typically asymptomatic in visual function. NPDR is
usually detected when vascular distortions occur from
macular edema.2 When vision is damaged, the level of
DR is often more advanced, and the impairment may be
irrecoverable. Early DR identification is therefore
essential for timely intervention to prevent visual

impairment. Because the retina is a neurovascular com-
plex made up of several classifications of nerve cells
and layers of vascular plexus, DR may accompany both
vascular and neural abnormalities.
As a noninvasive imaging modality, optical coher-

ence tomography (OCT) can give micrometer-level
resolution to distinguish individual retinal layers. OCT
angiography (OCTA), an extension of OCT, can
enable capillary-level resolution for a quantitative
evaluation of the retinal vasculature. Recent research
has shown quantitative OCTA characteristics and
verified them for nonproliferative DR (NPDR) staging.
Significant differences between NPDR and healthy
eyes have been found in quantitative OCTA charac-
teristics, such as blood vessel caliber, tortuosity, and
branching geometry.3–5 Thus, OCTA images contain
valuable biomarkers that can be used for early DR
detection.
However, OCT has made it possible to see changes

in the outer retina in detail, particularly those that
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affect the external limiting membrane (ELM), photo-
receptor inner segment ellipsoid (ISe), and retinal
pigment epithelium (RPE), which are valuable indica-
tors of photoreceptor function. In retinal degenerative
disorders, ISe integrity and visual acuity (VA) are
tightly correlated.6,7 Recently, the metabolic function
of retinal photoreceptors has been explored in
stimulus-evoked ISe changes.8 In a recent study, we
explored OCT intensity–based characteristics for dif-
ferent outer retinal bands, e.g., ISe and RPE.9 It was
observed that ISe-based characteristics were most
sensitive for differentiating controls, people with dia-
betes with NoDR, and people with mild NPDR. In this
study, we compare OCT and OCTA biomarkers of
early DR and determine the correlation between the
most sensitive OCT and OCTA characteristics.

Methods

The objective of this study is to assess DR
biomarkers in patients with DM. The Institutional
Review Board (IRB) at the University of Illinois at
Chicago (UIC) granted approval for the study’s meth-
odology, which complies with the Declaration of Hel-
sinki’s ethical principles. The group of patients with
DM and controls were enrolled from the UIC Retinal
Clinic. The data acquired in this study includes 30
eyes from 20 control subjects, 21 eyes from 15
patients with NoDR, and 26 eyes from 22 patients with
mild NPDR. The diabetic patients are representative of
a university population who need imaging for DR
management. Subjects who were aged 18 years or old-
er met the inclusion criteria. In addition, patients with
a diagnosis of type II diabetes mellitus met the inclu-
sion criteria for our diabetic cohort. Subjects with a
history of other ocular disorders other than cataracts or
minor refractive error, macular edema, previous vitrec-
tomy surgery, NPDR levels higher than mild NPDR,
and ungradable OCT pictures were exclusion criteria.
A full anterior segment slit-lamp examination and
dilated ophthalmoscopy using both the biomicroscope
and indirect ophthalmoscopy were performed on all
patients. A retina specialist used the Early Treatment
Diabetic Retinopathy Study (ETDRS) staging system
to categorize the patients as NoDR or mild NPDR.10

The ANGIOVUE spectral-domain OCTA system
was used in this study. The system used a wavelength
of 850 nm with a scan rate of 70 kHz; the axial and
lateral resolutions were 5 and 15 mm, respectively. Each
en face OCT or OCTA scan represents a 6 mm · 6-mm
region focused on the macula. OCT data with excessive
motion or signal loss were removed. OCTA en face
images were exported using the ANGIOVUE system’s

built-in Revue program. For additional outer retinal
analysis, OCT data were transferred into a custom-
designed MATLAB application. OCT B-scans were
used to identify retinal regions for investigation, with
sites between 1.25 to 2.5 mm and 2.5 to 5.5 mm diam-
eter from the fovea classified as parafoveal and perifo-
veal areas, respectively (Figure 1A). ELM, ISE,
interdigitation zone (IZ), and RPE peaks were manually
measured (Figure 1B) using aligned A-line profiles. We
assessed the four retinal reflectance intensities from the
parafovea and perifovea retinas in this work. To elim-
inate noise, the intensity measurements were standard-
ized to the intensity of the inner plexiform layer (IPL).
In addition, the ISe/RPE intensity ratio was determined.
Our recent OCT investigation demonstrated that rods
predominate in photoreceptor degradation in early
DR.9 Cones are known to dominate the central fovea.11

As a result, normalized intensity characteristics in the
central retina were not examined as the IPL cannot be
determined. However, the ISe/RPE intensity ratio does
not require the IPL intensity and therefore could be
determined in the central fovea. For the completeness
of this study, we measured the ISe/RPE intensity ratio
from the central fovea, parafovea and perifovea retinas.
Each quantitative feature was determined from an aver-
aged A-line profile (average of 10 neighboring A-lines)
in each retinal area.
For quantitative OCTA analysis, en face projection of

the superficial vascular plexus (SVP) and deep capillary
plexuses (DCP) centered at the fovea were analyzed.
Examples of OCTA image processing are demonstrated
in Figure 2. From the OCTA images, the vessel map
and the corresponding skeleton and perimeter maps are
extracted. Similarly, the FAZ area and perimeter maps
were extracted from the OCTA images as well. Quan-
titative OCTA characteristics, namely, vessel diameter
index (VDI), vessel perimeter index (VPI), blood vessel
tortuosity (BVT), and vessel complexity index (VCI)
were analyzed for the SVP because of the presence of
large vessels. On the other hand, vessel area density
(VAD), vessel skeleton density (VSD), foveal avascular
zone (FAZ) area (FAZ-A), FAZ-perimeter (FAZ-P),
and FAZ-contour irregularity (FAZ-CI) were analyzed
for both SVP and DCP.3,12

Statistical analysis was performed using R version
4.2.0 (R Core Team, Vienna, Austria). Multiple group
comparisons were conducted using a one-way analysis
of covariance (ANCOVA) test while controlling for
covariates, i.e., age and hypertension. For individual
pairwise comparisons, a Tukey’s honest significance
test (HSD) test was used. In this investigation, a P value
less than 0.05 was considered statistically significant.
Kendall rank correlation was used for nonparametric
testing in this study. A correlation coefficient of 0 to
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0.3 (or 0 to 20.3) was considered no correlation. A
weak correlation coefficient was defined as 0.3 to 0.7
(or 20.3 to 20.7), and a strong correlation coefficient
was defined as 0.7 to 1 (or 20.7 to 21).13

Results

30 eyes from 20 control participants, 21 eyes from 15
patients with NoDR, and 26 eyes from 22 patients with
mild NPDR were evaluated in this study. No statistically
significant differences were found between the cohorts
regarding age and sex (analysis of variance [ANOVA],
P = 0.068, chi-square test, P = 0.783). Furthermore,
there was no difference in HbA1c and hypertension
across diabetes groups (Krusal-Wallis ANOVA [KWA-
NOVA], P = 0.103, chi-square test, P = 0.999). Between
the diabetic groups, there was a significant difference in
duration of diabetes (Student’s t-test, P = 0.004). The
patients with diabetes in this study were not insulin
dependent. Table 1 summarizes all participant demo-
graphics and diabetes-related parameters.
In this study, we assessed five OCT characteristics

in the parafovea and perifovea: the intensity of the
ELM, ISe, IZ, RPE, and ISe/RPE ratio. Statistical
examination of the OCT characteristics indicated that
statistically significant changes in ELM intensity were
identified in the perifovea area between the mild
NPDR and NoDR cohorts (Tukey’s HSD, P ,
0.01). In the parafovea and perifovea areas, the IZ
intensity indicated statistically significant changes
between cohorts, with an overall declining trend with
stage progression. The ISe intensity characteristics
indicated statistically significant differences between
mild NPDR and control eyes (Tukey’s HSD, P ,
0.01), as well as between mild NPDR and NoDR eyes
(Tukey’s HSD, P, 0.01). Overall, the intensity of ISe

reduces as the stage progresses. However, RPE inten-
sity characteristics showed a rising tendency as the
stage progressed. With retinopathy development, the
ISe/RPE ratio showed a declining tendency. Statisti-
cally significant differences were observed in the par-
afovea and perifovea areas, with the perifovea area
having statistical differences among the cohorts (Tu-
key’s HSD, P , 0.05). Table 2 summarizes all OCT
characteristics.
For OCTA analysis, we quantified nine quantitative

characteristics to test vascular changes in the SVP and
DCP. The statistical analysis suggests significant differ-
ences in the VDI between mild NPDR and NoDR eyes
(Tukey’s HSD, P , 0.01) and in the VPI for the super-
ficial layer to differentiate eyes with no retinopathy from
diabetic eyes (controls vs. mild NPDR and NoDR vs.
mild NPDR, Tukey’s HSD, P , 0.05). The observed
trend suggests in the early stage that, from controls to
NoDR, there is an overall narrowing of blood vessels,
which is later compensated in the mild NPDR stage. By
contrast, VSD in the deep layer suggests significant
differences between controls and mild DR eyes (Tu-
key’s HSD, P, 0.05). The observed changes in OCTA
may suggest that in early DR, there is a level of vascular
compensation and remodeling. All quantitative OCTA
characteristics are summarized in Table 2.
We found the most sensitive OCT characteristics for

differentiating mild NPDR from NoDR and controls
were the ISe/RPE peri, ISe/RPE para, and ISe peri. By
contrast, we found the most sensitive OCTA charac-
teristics for differentiating mild NPDR from NoDR
and controls were VDI sup, VPI sup, and VSD deep.
OCT and OCTA contribute different aspects useful for
differentiating NPDR from NoDR and from controls.
The correlation analysis was performed independently
for each cohort. For the control cohort, there is a weak

Fig. 1. A. Representative OCT B-scan of controls. B. Representative averaged A-line indicating individual retinal layer location. Outer retina char-
acteristics were performed by peak location. The scale bar represents 1 mm.
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Fig. 2. Representative images of controls (A), NoDR eye (B), and mild NPDR eye (C). The top row represents the OCTA en face images of the
superficial layer. The middle row represents the binarized vessel maps. The bottom row represents the binarized vessel skeleton maps. In (A3), the
demarcated yellow segment from points ?1 to ?2 is an illustration of vessel tortuosity measurement, and the blue region is the area of the foveal
avascular zone (FAZ), with the green outline for the perimeter of the FAZ. The scale bar represents 1 mm.

Table 1. Demographic of the Healthy Subjects, Patients with NoDR, and Patients with Mild NPDR

Healthy Subjects NoDR Mild NPDR

Number of subjects (n) 20 15 22
Age (years) 52.6 6 14.57 59.33 6 11.31 61.73 6 11.83
Age range 35–80 40–80 24–78
Sex (male/female) 13/7 5/10 9/13
Duration of diabetes (years) — 11.10 6 5.17 18.55 6 5.26
Diabetes type — Type II Type II
HbA1c (%) — 7.33 6 1.81 8.52 6 2.41
HTN prevalence, % 0 80 81

HbA1c = glycated hemoglobin; HTN = hypertension.
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negative correlation of the ISe/RPE parafoveal and the
VPI superficial region (r = 20.3287) and the VSD
deep layer (r = 20.3287). For the NoDR cohorts,
the ISe/RPE parafoveal has a weak negative correla-
tion for the VSD deep layer (r = 20.3619). For the
mild NPDR cohorts, there is no correlation (20.3 , r
, 0.3) between the characteristics observed. A sum-
mary of the correlation analysis is provided in Table 3.

Discussion

Clinical diagnosis has generally focused on the
vascular complications, e.g., microaneurysms and
venous beading.14 As a result, current attempts for
early identification of DR have mostly focused on
vascular-based quantitative characteristics for early
detection of DR employing OCTA.3,4,15,16 However,

Table 2. Differences in OCT and OCTA Features Between Healthy Subjects, Patients with NoDR, and Patients with Mild
NPDR

Feature Healthy subjects (I) NoDR (II) Mild (III)

P

I Versus II I Versus III II versus III ANCOVA

OCT features
ELM peri 0.834 6 0.051 0.866 6 0.040 0.824 6 0.039 0.081 0.747 0.001 0.002
ELM para 0.859 6 0.056 0.873 6 0.043 0.874 6 0.042 0.627 0.608 0.999 0.598
ISe Peri 1.390 6 0.091 1.350 6 0.070 1.280 6 0.070 0.402 ,0.001 0.002 ,0.001
ISe Para 1.410 6 0.096 1.360 6 0.074 1.320 6 0.073 0.089 0.003 0.244 0.005
IZ peri 1.380 6 0.112 1.300 6 0.087 1.260 6 0.086 0.059 0.001 0.197 0.002
IZ para 1.420 6 0.127 1.340 6 0.098 1.290 6 0.097 0.082 0.001 0.152 0.002
RPE peri 1.350 6 0.080 1.370 6 0.062 1.340 6 0.062 0.429 0.997 0.219 0.207
RPE para 1.340 6 0.081 1.380 6 0.063 1.390 6 0.062 0.228 0.067 0.714 0.084
Ise/RPE peri 1.032 6 0.057 0.987 6 0.044 0.955 6 0.043 0.018 ,0.001 0.037 ,0.001
Ise/RPE para 1.055 6 0.061 0.985 6 0.051 0.950 6 0.051 0.001 ,0.001 0.057 ,0.001
Ise/RPE fovea 0.850 6 0.066 0.833 6 0.050 0.848 6 0.049 0.657 0.993 0.598 0.546

OCTA features
VDI sup 2.020 6 0.060 2.010 6 0.046 2.060 6 0.046 0.841 0.088 0.003 0.003
VPI Sup 1.780 6 0.031 1.790 6 0.024 1.810 6 0.024 0.318 0.002 0.020 0.001
BVT sup 1.090 6 0.012 1.095 6 0.009 1.093 6 0.009 0.344 0.648 0.793 0.379
VCI Sup 1288 6 241 1130 6 186 1167 6 185 0.057 0.182 0.765 0.712
VAD sup 0.393 6 0.040 0.378 6 0.031 0.373 6 0.031 0.383 0.205 0.872 0.233
VAD deep 0.419 6 0.055 0.384 6 0.043 0.366 6 0.042 0.066 0.003 0.304 0.004
VSD sup 0.186 6 0.021 0.179 6 0.017 0.173 6 0.016 0.466 0.084 0.425 0.096
VSD deep 0.202 6 0.029 0.184 6 0.023 0.171 6 0.022 0.078 0.001 0.123 0.001
FAZ-A sup 0.284 6 0.203 0.429 6 0.157 0.335 6 0.156 0.035 0.6652 0.097 0.281
FAZ-A deep 0.243 6 0.150 0.336 6 0.115 0.302 6 0.115 0.076 0.348 0.558 0.093
FAZ-P sup 1.720 6 0.619 2.120 6 0.481 1.850 6 0.479 0.062 0.710 0.141 0.045
FAZ-P deep 1.640 6 0.461 1.910 6 0.358 1.830 6 0.356 0.115 0.323 0.748 0.139
FAZ-CI sup 0.924 6 0.062 0.931 6 0.048 0.912 6 0.048 0.921 0.785 0.382 0.415
FAZ-CI deep 0.959 6 0.053 0.9484 6 0.041 0.951 6 0.041 0.736 0.844 0.968 0.758

Columns 2 to 4 are presented as mean 6 SD, columns 5 to 7 are pairwise comparisons, and column 8 presents multiple group
comparisons. For multiple comparisons, if ANCOVA was used, one-versus-one comparisons were conducted using Tukey’s honest
significance test. Statistical significance, P value ,0.05.

Table 3. Correlation Coefficients of OCT and OCTA Parameters in Healthy Subjects, Patients with NoDR, and Patients
with Mild NPDR

Healthy Subjects NoDR Mild NPDR

ISe/RPE
peri

ISe/RPE
para ISe peri

ISe/RPE
peri

ISe/RPE
para ISe peri

ISe/RPE
peri

ISe/RPE
para ISe peri

VDI 0.2421
Sup 0.0023 20.1356 0.0851 20.0191 0.0095 0.1714 0.0632 0.0316

VPI 0.0316
Sup 20.2000 20.3287* 20.0621 20.2000 20.2667 20.0286 20.1684 20.1790

VSD 0.0105
Deep 0.2276 0.3287* 0.0805 0.2952 0.3619* 0.0476 0.0632 0.2842

All values are presented as the Kendall correlation coefficient for each cohort separately. *Statistically significant correlation.
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recent models describing the pathophysiology of DR
attribute a variety of factors affected by hyperglyce-
mia, such as oxidative stress, inflammation, and neu-
ronal dysfunction, to the ultimate change of the retinal
vasculature.17 A rodent study suggests that a large
supply of reactive oxygen species is obtained from
photoreceptors, particularly rods, because of light/dark
variations in rod energy exacerbating superoxide for-
mation.18 However, the exact sequence of alterations,
whether disruptions to the photoreceptors occur before
the onset of vascular distortions or vice versa, remains
to be further elucidated. Therefore, to assess the func-
tion in the diabetic retina, it is necessary to quantify
the changes of both the photoreceptors and retinal
vasculature.
This study collected OCT and OCTA data using a

commercially accessible OCTA device for custom
digital image processing and feature quantification in
eyes of patients with DM with no retinopathy and mild
NPDR compared with controls. The characteristics
quantified are broadly divided into two categories:
vascular characteristics from OCTA and photoreceptor
characteristics from OCT. The vascular characteristics
quantified in this study were derived from OCTA en
face projections of the SVP and DCP, whereas the
photoreceptor characteristics were derived from OCT
A-line profiles from the parafovea and perifovea.
We observed that there were both vascular distor-

tions and photoreceptor abnormalities in the early
stages of DR. However, we observed weak variable
correlations between the OCTA and OCT features.
After controlling the features for both age and
hypertension, for the microvascular complications,
the VDI and VPI in the SVP showed a significant
increase between the patients with mild NPDR
compared with controls and patients with NoDR. We
also observe a decreasing trend for the VSD in the
DVP; however, post hoc analysis revealed only
significant differences between controls and patients
with mild NPDR. These results are consistent with
previous studies that observed decreasing vessel
density from healthy to mild NPDR eyes.19 For the
photoreceptor abnormalities, the ISe intensity in the
perifovea region showed significant decrease from
the mild NPDR from the controls and patients with
NoDR. This observation is similar to a previous study
that also compared the ISe intensity differences
between mild NPDR eyes and healthy subjects.20

The ISe/RPE intensity ratio in the parafovea, similarly,
revealed the differences among the patients with mild
NPDR, controls, and patients with NoDR, whereas the
ISe/RPE ratio in the perifovea revealed the significant
differences among all three cohorts. The ISe has the
highest proportion of photoreceptor mitochondria, and

the photoreceptor constitutes roughly 70 percent of the
retinal mitochondria.21 This therefore suggests that
factors such as oxidative stress and other metabolic
disruptions might be reflected by changes in the ISe
intensity. Furthermore, because the perifovea revealed
higher sensitivity, we speculate potential rod photore-
ceptor degeneration in early DR.
This research has certain drawbacks. First, this study

relied on a limited sample size obtained from a single
imaging site. Second, signal strength index (SSI)
varies across patients with diabetes and controls,
which may influence the vascular-based characteris-
tics. To address this issue, new algorithms would need
to be developed to limit the impact of tissue reflectance
fluctuation on vascular-based measures.22 Third,
because of the nature of a retrospective study, the
participants were evaluated at different points in time
after the diagnosis of DR. This may affect the study
outcomes. There are some advantages to our work,
including the use of customizable automated feature
quantification in OCTA, which could be applied to a
clinical environment. Naturally, comparative OCT and
OCTA analysis can be readily performed because they
are derived from the same imaging device.
In summary, quantitative OCT and OCTA analyses

indicated photoreceptors and vascular abnormalities in
diabetics with NoDR and mild NPDR. Among OCT
characteristics, the ISe intensity and ISe/RPE intensity
ratio have the highest sensitivity for DR identification.
For OCTA characteristics, VDI, VPI, and VSD are
most sensitive for early DR detection. Correlation
analysis between OCT and OCTA characteristics
revealed weak variable correlations. This observation
suggests that OCT and OCTA characteristics may
provide supplementary information for early DR
detection. Adoption of comparative OCT and OCTA
analyses for clinical practice would be beneficial for
early screening of DR and instructive for follow-ups
and evaluation of therapeutics.

Key words physiology, neurodegeneration, oph-
thalmology, optical coherence tomography, diabetic
retinopathy, optical coherence tomography angiogra-
phy, noninvasive imaging, macular, image analysis.
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MACULAR SENSITIVITY CHANGE AFTER
COMPLEMENTARY LASER THERAPY
AFTER RANIBIZUMAB INTRAVITREAL
INJECTION IN BRANCH RETINAL VEIN
OCCLUSION

AKIRA OJIMA, MD, YUTAKA KATO, MD, RYUTARO TOMITA, MD, AKIHITO KASAI, MD,
YUKINORI SUGANO, MD, TETSUJU SEKIRYU, MD

Purpose: We examined the effect of ranibizumab with or without laser photocoagulation
on retinal sensitivity in eyes with branch retinal vein occlusion.

Methods: Prospective randomized control study. Thirty patients with branch retinal vein
occlusion received intravitreal injection of ranibizumab in a monthly pro re nata regimen. Fifteen
patients received ranibizumab monotherapy alone (monotherapy group). The remaining 15
patients received rescue laser therapy at 3 or 9 months (combined group). The retinal sensitivity
was measured at 32 points within central 8°, and the average of the main occlusion side among
the 16 upper or 16 lower points was defined as the affected area sensitivity.

Results: In comparing the monotherapy group and the combined group, the number of
injections during the 12 months was 5.4 versus 4.9, the change in retinal thickness (mm)
was 2254 versus 2197, the ETDRS letters of improvement was +18.3 versus +19.6, and
the change in the affected area sensitivity (dB) was +7.1 versus +4.6. At 12 months, all
these results were significantly improved compared with their respective baselines, but
none of the differences between the two groups reached statistical significance.

Conclusion: Retinal sensitivity at 12 months improved in both the monotherapy group
and the combined group. The additional laser did not reduce the number of injections or
further improve visual acuity nor did it affect retinal sensitivity.

RETINA 43:999–1004, 2023

Branch retinal vein occlusion (BRVO) is a disease in
which retinal veins are occluded mainly at the

arteriovenous crossing, causing retinal hemorrhage,
ischemia, and edema. The main cause of visual loss
is macular edema, and although laser treatment has
been the conventional treatment, in recent years, anti-
vascular endothelial growth factor (VEGF) therapy has
become the first-line therapy. Although attempts have
been made to further improve visual acuity and reduce

the number of injections by combining anti-VEGF
therapy with a laser photocoagulation, the results have
not yet outperformed anti-VEGF monotherapy.1,2 In
the clinical setting, laser treatment is occasionally
applied for patients who did not respond to anti-
VEGF therapy. It seems effective and beneficial in
some patients. Since laser irradiation can destruct the
perifoveal tissue, it may affect vision as well as retinal
sensitivity. For these issues, the clinical usefulness of
additional laser treatment after anti-VEGF therapy
remains on the discussion.
The reliable evaluation of macular sensitivity may

be difficult during the course of BRVO because the
fixation point was unstable. Microperimetry may have
the advantage to measure macular sensitivity during
course of BRVO. In this study, we investigated the
effect of additional laser treatment after ranibizumab
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injections for macular retinal sensitivity by micro-
perimetry in BRVO.

Methods

Patients

This study was conducted as a single-center pro-
spective study. Thirty eyes of 30 new-onset BRVO
cases, mean age 72 years, were enrolled (12 male and
18 female patients; mean age, 71.6 years; age range,
54–87 years). All patients visited the Department of
Ophthalmology at Fukushima Medical University
Hospital and underwent a comprehensive ophthalmo-
logic examination, including measurement of best-
corrected visual acuity (BCVA), slit-lamp biomicro-
scopy, fundus photography, fluorescein angiography,
coherence tomography, and macular sensitivity mea-
surement. Eyes with other retinal diseases causing
macular edema, such as central retinal vein occlusion,
diabetic macular edema, age-related macular degener-
ation, macular telangiectasia, and uveitis, were
excluded. There were no cases with an enlarged foveal
avascular zone on fluorescein angiography at baseline.

Treatment Protocol

The protocol of this study is shown in Table1. All
patients underwent intravitreal injection of ranibizu-
mab 0.5 mg as a first treatment, and then, intravitreal
injection of ranibizumab was added if they had ME
with a central subfield thickness (CST) greater than
300 mm during monthly follow-up. All patients were
randomized to two groups using a minimization
method based on BCVA and retinal thickness at base-
line. Fifteen eyes were assigned to the monotherapy
group to receive intravitreal injection of ranibizumab
monotherapy. The remaining 15 eyes were assigned to
the combined group to receive both injections and
laser if they met the retreatment criteria at 3 and 9

months, while receiving the same injection treatment
as the intravitreal injection of the ranibizumab group in
the other months. At the time of laser treatment, fluo-
rescein angiography was reexamined, and scatter laser
photocoagulation to the identified nonperfused areas
and direct coagulation to the leaking capillary and
microaneurysms were performed.

Macular Sensitivity

A total of 32 points of retinal sensitivity were
measured in concentric circles at 3° (8 points), 5° (12
points), and 8° (12 points) from the fovea at baseline
and 12 months using MP-32TM (NIDEK, Gamagori,
Japan). We measured the sensitivity within 20° circle
area centered at the fovea center. To compare uni-
formly, the macular area was divided into the upper
half and the lower half (Figure 1). The part of each
area that contained the main occlusion was assigned to
the affected side and the other to the unaffected side.
The mean sensitivity of the affected side was set as the
affected area sensitivity and the rest as the unaffected
area sensitivity (dB). The cases which could not deter-
mine the occlusion side, such as a double occlusion
case, was excluded from the study at baseline.
We examined the changes in visual acuity, retinal

thickness, number of injections, and retinal sensitivity
after each treatment in the monotherapy and combined
groups.
The study was in compliance with the tenets of the

Declaration of Helsinki, and informed consent was
obtained from all participating patients. The Institu-
tional Review Board of the Fukushima Medical
University, Japan, granted approval for this project.

Statistics

The differences between the two groups at the same
time points were tested with the Mann–Whitney U
test. Differences in logMAR visual acuity and macular

Table 1. Protocol of the Examinations and Treatments

Baseline 1M 2M 3M 4M 5M 6M 7M 8M 9M 10M 11M 12M

All cases (n = 30) BCVA 〇 〇 〇 〇 〇 〇 〇 〇 〇 〇 〇 〇 〇
OCT 〇 〇 〇 〇 〇 〇 〇 〇 〇 〇 〇 〇 〇
RS 〇 〇
FA 〇 ☆ ☆

Monotherapy group (n = 15) IVR 〇 4 4 4 4 4 4 4 4 4 4 4
Combined group (n = 15) IVR 〇 4 4 4 4 4 4 4 4 4 4 4

PC ☆ ☆

〇:Done in all cases.
4:Done when the retreatment criteria are met.
☆:Perform only for the combined group when they meet the retreatment criteria.
BCVA, best-corrected visual acuity; OCT, optical coherence tomography; RS, retinal sensitivity; FA, fluorescein angiography; IVR,

intravitreal ranibizumab injection; PC, laser photocoagulation.
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sensitivity between baseline and Month 12 were tested
with the Wilcoxon signed-rank sum test. The best-
corrected visual acuity was measured in decimal acu-
ity, logMAR values were used for statistical process-
ing, and the results were converted to ETDRS letters.

Results

Baseline Characteristics

Baseline characteristics are shown in Table 2. There
was no significant difference between the monother-
apy and combined groups at baseline, in a mean age of
73.5 (70.6–77.1) and 69.6 (63.0–75.3) years, a mean
CST (mm) of 535 (415–614) and 501 (424–573), an
ETDRS letters of 60 and 64, and an affected side

sensitivity (dB) of 13.5 (11.2–17.2) and 16.7 (13.5–
20.5), respectively. The incidence of the occlusion in
the upper area was 13 (87%) of 15 eyes in the mono-
therapy group and 7 (47%) of 15 eyes in the combi-
nation therapy group. Unaffected side sensitivity was
significantly lower in the monotherapy group
(19.6 dB) than in the combined group (25.3 dB) (P
= 0.002, Mann–Whitney U test).

Number of Injections

The mean injection number was 5.1 (range 2–12) in
all 30 patients over 12 months, 5.4 (range 2–12) in the
monotherapy group and 4.9 (range 3–9) in the com-
bined group. There were no significant differences
between the three groups (P = 0.47, Mann–Whitney

Fig. 1. Layout of the retinal
sensitivity measurement points.
The inner row is located at 3° (8
points), the middle at 5° (12
points), and the outer row at 8°
(12 points). All 32 points are
divided above and below, with
the three points on the papil-
lomacular bundle included in the
upper half. In this example, the
mean of the upper 16 points is
the normal side sensitivity and
the mean of the lower 16 points
is the occlusion side sensitivity.

Table 2. Baseline Characteristics

n= Male Female Age
CST
(mm)

ETDRS
Letters

Occlusion Side
Sensitivity (dB)

Normal Side
Sensitivity (dB)

All cases 30 12 18 71.6 518 6
130

62.0 6 16.0 15.1 6 6.3 22.5 6 5.7

Monotherapy group 15 3 12 73.5 535 6
139

60.0 6 18.0 13.5 6 6.5 19.6 6 5.9

Combined group 15 9 6 69.6 501 6
122

64.0 6 14.0 16.7 6 5.9 25.3 6 3.9

P = (Mann–Whitney
U)

0.24 0.84 0.98 0.19 0.002

CST, central subfield thickness
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U test). Nine (60%) of the 15 patients in the combined
group also received laser therapy at Month 3 or Month
9. The remaining 6 patients (40%) did not receive laser
treatment because they showed macular edema neither
at Month 3 nor Month 9.

Visual and Morphological Results

Over 12 months, CST (mm) decreased significantly
from 535 6 139 (415–614) to 281 6 81 (234–285) in
the monotherapy group (P , 0.001) and from 501 6
122 (424–573) to 304 6 107 (249–292) in the com-
bined group (P , 0.001). There was no significant
difference in CST between the groups at Month 12
(P = 0.384) (Figure 2). Best-corrected visual acuity
also improved significantly at 12 months, +18.3
ETDRS letters in the monotherapy group (P ,
0.001) and +19.6 ETDRS letters in the combined
group (P , 0.001), but there was no significant dif-
ference between groups at 12 months (P = 0.105).

Macular Sensitivity

At 12 months, occlusion side sensitivity (dB)
improved significantly from 13.5 to 20.6 (P , 0.01)
in the monotherapy group and from 16.7 to 21.3 in the
combined group (P , 0.01), but there was no signif-
icant difference between the groups (P . 0.10). Nor-

mal side sensitivity (dB) also improved significantly in
the monotherapy group, from 19.6 to 24.71 (P ,
0.01), and in the combined group, from 25.3 to 27.2
(P , 0.05). The larger improvement in the monother-
apy group was because many patients had serous ret-
inal detachment extending from the upper occlusion
area to the lower portion of the macula at baseline
(Table 3).
In comparison with the nine eyes that actually

received the laser and the other 21 eyes, the CST(mm)
at 12 months was 325 6 136, 279 6 69, ETDRS
letters score was 81.2 6 5.9, 80.9 6 9.3, and the
occlusion side sensitivity (dB) was 19.2 6 8.2, 21.7
6 5.3, respectively, with no significant difference
between the groups (P = 0.631, 0.803, 0.472,
respectively).

Discussion

Macular edema is the primary cause of vision loss in
BRVO, with a visual acuity of less than 20/40 in the
natural course of the disease.3 Although laser photo-
coagulation4 and intravitreal injection of triamcinolone
acetonide5 have been tried for macular edema, the
current standard care is anti-VEGF treatment with ra-
nibizumab6 or aflibercept.7 Although continued anti-
VEGF treatment has enabled patients to maintain good

Fig. 2. CST change at 12 months: Both the monotherapy group and the combined group showed significant improvement in CST at 12 months
(P , 0.05, paired t test), but there was no significant difference between the two groups (P = 0.38, Mann–Whitney U test).

1002 RETINA, THE JOURNAL OF RETINAL AND VITREOUS DISEASES � 2023 � VOLUME 43 � NUMBER 6

Copyright © by Ophthalmic Communications Society, Inc. Unauthorized reproduction of this article is prohibited.

D
ow

nloaded from
 http://journals.lw

w
.com

/retinajournal by 3X
vZ

oI68w
pkpurjW

IX
oboeIze1W

iO
bzeG

ru6hK
gsV

qK
il08K

rD
crLZ

joaJV
S

fQ
D

K
B

G
2kbw

6M
9JjN

S
U

11czF
U

N
X

+
u0V

m
/pktX

Q
+

M
G

tG
2Y

/jD
m

B
gI8D

X
V

R
lY

Y
aaY

7V
Q

hdC
lyLS

0iC
u+

JA
=

 on
06/06/2023



vision in BRVO, many patients require long-term
treatment due to recurrent macular edema. In a 49-
month observation following a large trial of ranibizu-
mab, only 50% of patients with BRVO were able to
finish treatment and the remaining 50% were still
receiving an average of 3.2 injections in year.2,6

A risk factor for prolonged macular edema is
microaneurysms that are formed between 3 and 9
months after the onset of BRVO.8 Direct laser photo-
coagulation of leaky dilated capillaries and microa-
neurysms has been reported to reduce edema and
improve visual acuity,9 so laser is effective in the
treatment of macular edema in chronic phase BRVO.
Therefore, the idea of combining anti-VEGF and laser
treatment to achieve better outcomes naturally arises,
but unfortunately, there are no reports of it being supe-
rior to anti-VEGF treatment alone.
The additional laser photocoagulation to ranibizu-

mab did not further improve visual acuity, reduce
macular edema, or reduce the number of injections for
recurrent macular edema after 24 weeks of ranibizu-
mab treatment.10 A 24-month trial comparing a larger
number of people with and without the addition of
laser to the planned pro re nata administration of rani-
bizumab did not find any benefit of the addition of
laser.11 However, the laser treatment used in those
studies was only for scatter photocoagulation of the
nonperfused area, not for coagulation of the leaking
capillary or microaneurysms, which are effective in
treating recurrent macular edema in chronic phase
BRVO.
The additional photocoagulation for leaking lesion

and nonperfused area may be applied and provided
better results than ranibizumab alone. Conversely,
laser treatment near the fovea would have an adverse
effect on retinal sensitivity. We performed laser
treatment on leaky lesions causing macular edema
such as microaneurysms inside the arcades as well as
nonperfused areas outside the arcades, but the number
of injections was not reduced. Although such laser
treatment may contribute to the suppression of macular
edema in patients not on anti-VEGF therapy,9 it is
hypothesized that the addition of laser treatment may
not have any further effect because of the strong sup-

pression of macular edema in patients with as needed
dosing of anti-VEGF drugs.
Retinal sensitivity in BRVO eyes is influenced by the

state of retinal perfusion and the presence of edema.
Within the BRVO region, the retinal sensitivity has
been reported to be reduced in the order of perfused
area, partially perfused area, and nonperfused area.12

The sensitivity is also reduced in the macular edema
region, but the sensitivity improves when the edema is
improved by ranibizumab injection.13 There have been
few reports of retinal sensitivity measured between ra-
nibizumab alone and laser treatment. Kumar et al14 re-
ported no difference in retinal sensitivity within the
center 4° at 6 months between ranibizumab treatment
with or without laser. They used the MP-12TM (NI-
DEK, Gamagori, Japan) to measure retinal sensitivity,
but the background luminance of this device is four asb.
The MP-3 we used had a background luminance of 31.4
asb, which allowed us to perform photopic perimetry,
and we think it could measure macular retinal sensitiv-
ity more accurately. In addition, they only measured the
sensitivity within 4 degrees of center, whereas we mea-
sured the sensitivity within 8 degrees of center at 32
locations. In general, central sensitivity is strongly cor-
related with BCVA, so it often shows similar results to
visual acuity changes and does not necessarily reflect
the function of the entire macula. We measured a wider
range within 8° to investigate the effect of the laser on
the macula. Our study is the first to report the effect of
adding laser to ranibizumab treatment on macular reti-
nal sensitivity as measured by MP-3.
In our study, both the monotherapy and combined

groups showed an improvement in retinal sensitivity
after 12 months, but there was no further improvement
with the addition of laser therapy. We were unable to
statistically demonstrate a benefit of adding the laser to
ranibizumab for retinal sensitivity as well as visual acuity
or number of injections. However, no adverse effect of
laser treatment on macular sensitivity was shown, so
laser treatment may be an option for recurrent macular
edema in cases where adequate anti-VEGF treatment is
not available. Laser therapy has been shown to be
effective in patients who, for whatever reason, cannot be
treated with anti-VEGF therapy at all. Therefore, the lack

Table 3. Retinal Sensitivity

Baseline Month 12 P

Occlusion side sensitivity (dB) Monotherapy 13.5 20.6 ,0.05
Combined 16.7 21.3 ,0.05

Normal side sensitivity (dB) Monotherapy 19.6 24.7 ,0.05
Combined 25.3 27.2 ,0.05
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of additional benefit to ranibizumab does not mean that
laser therapy itself is futile.
A limitation of this study is that not all patients in the

combined group received the laser because we limited
the timing of the laser to Month 3 and Month 9. If there
was no macular edema at that time, the laser would not
have been performed, so 9 of 15 eyes actually received
the laser. However, a statistical analysis of the nine eyes
that received the laser did not show any advantage over
the monotherapy group in visual acuity, CST, number
of injections, or retinal sensitivity.
In conclusion, retinal sensitivity at 12 months

improved in both the monotherapy group and the
combined group. The additional laser did not reduce
the number of injections or further improve visual
acuity nor did it affect retinal sensitivity.

Key words: branch retinal vein occlusion, laser
photocoagulation, macular edema, microperimetry, ra-
nibizumab, retinal sensitivity.
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DIAGNOSTIC YIELD OF IN VITRO
VITREOUS BIOPSY FOR INTRAOCULAR
LYMPHOMA AT VARIABLE VITREOUS
CUTTER SPEEDS USING 25-GAUGE
VITRECTOMY

SRUTI TEKUMALLA, BA,* DAVID XU, MD,† KATHERINE AWH, BA,‡ NANCY PHILP, PHD,‡
TATYANA MILMAN, MD,‡§ SUNIR GARG, MD†

Purpose: Primary vitreoretinal lymphoma is the most common intraocular lymphopro-
liferative disorder. We evaluated the diagnostic yield of pars plana vitrectomy, specifically
using modern high cut rate dual-cycle cutters, on in vitro cell viability and diagnostic yield.

Methods: Human Burkitt lymphoma cell line Namalwa at 2 x 10^5 cells/mL was aspi-
rated by 25-gauge dual-blade guillotine-type vitrectomy at five speeds (500, 1,000, 4,000,
7,500, or 15,000 cuts per minute). Cell viability and diagnostic yield in each subtype group
were determined using hemocytometry, viable cell count using Cell Counting Kit-8, and
pathologist-guided manual count.

Results: No significant deviation in cell count was identified in any cut rate by ANOVA
(P = 0.61), and no trends in the number of viable cells were identified across cut rates
(R2 = 0.188, P = 0.47). Among histologic cell counts per cut-rate, neither linear regres-
sion (R = 0.531, P = 0.16) nor ANOVA (P = 0.096) were statistically significant.

Conclusion: There was no significant degradation in the number of viable cells with
increasing cut speed. These results suggest that in contrast to previous findings using 20g
or 23g vitrectomy for diagnostic vitrectomy, modern vitrectomy systems may be used at up
to 15,000 cpm without compromising the viability of lymphoma cells.

RETINA 43:1005–1009, 2023

The incidence of primary vitreoretinal lymphoma
(PVRL), the most common intraocular lympho-

proliferative disorder, has been increasing.1 Among
PVRL subtypes, diffuse large B-cell–type lymphoma
is most common.2 Diagnosis remains challenging.
Early diagnosis may improve otherwise poor out-

comes including loss of vision and central nervous
system involvement, which has significant mortality.3

Although flow cytometry, immunohistochemistry,
cytokine levels, and molecular genetic studies have
gained importance as ancillary diagnostic methods,
cytologic evaluation by an experienced ocular pathol-
ogist remains critical4; however, the fragile lymphoma
cells degrade rapidly after being obtained from the eye
with pars plana vitrectomy, and the quality of the
specimen may be affected by the transition to smaller
gauge and very high cut rate vitrectomy.
Microincision vitrectomy surgery has enabled faster

recovery for patients.5 The increased efficiency of mi-
croincision vitrectomy surgery is partly because of
dual-cycle vitrectomy cutters. Over the past 10 to 15
years, cutters went from 2,500 cpm to 15,000 cpm and
getting closer to 30,000 cpm with the newest hyper-
sonic vitrectomy models. Previous in vitro studies on

From the *Thomas Jefferson University Sidney Kimmel Medical
College; †MidAtlantic Retina, the Retina Service of Wills Eye Hos-
pital; ‡Department of Pathology, Anatomy, & Cell Biology, Thomas
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the yield of diagnostic 20-gauge (20g) vitrectomy for
patients with PVRL have demonstrated lower sensitiv-
ity with cut rates above 1,000 cpm, because of
mechanical degradation of lymphoid cells.2 Another
in vitro study assessing biopsy yield in 20g versus
25g vitrectomy documented that 25g diagnostic vitrec-
tomy yields an adequate sample for diagnosis of intra-
ocular lymphoma.6 The diagnostic results of the
sample obtained with 25g vitrectomy were superior
to those reported for 20g vitrectomy.
The older vitrectomy systems lacked advanced

fluidic and intraocular pressure control mechanisms,
which may have contributed to the mechanical stresses
influencing cellular integrity. The effect of a high cut
rate using a modern 25g vitrector on PVRL cytology
has not been formally explored. In addition, previous
investigations used limited methods to assess cell
count and viability.7–9

We modeled our investigation on a previous in vitro
vitrectomy cytology study using the Namalwa human
Burkitt lymphoma cell line.2 The goal of our study
was to assess the effect of modern 25g high cut rate
dual-cycle vitrectomy cutters at six different cut speeds
on cellular integrity and in vitro cell viability.

Methods

This in vitro study not involving human subjects
was exempt from the Wills Eye Hospital Institutional
Review Board. The Namwala human Burkitt lym-
phoma cell line was used in this experiment. It closely
resembles and has similar characteristics to PVRL. It
has been used in several lymphoma apoptotic studies
in the past and materials for the line were readily
accessible for cell culture and experimental use.10

Cell Line

Human Burkitt lymphoma cell line Namalwa was
obtained and grown in culture media containing Ros-
well Park Memorial Institute 1,640 media with 2 mM
L-glutamine adjusted to contain 1.5 g/L sodium bicar-
bonate; 4.5 g/L glucose; 10 mM HEPES; and 1.0 mM
sodium pyruvate, 92.5% with fetal bovine serum,
7.5%. Fresh medium (20% to 30% by volume) was
changed every 2 to 3 days. We used cells in a loga-
rithmic growth phase for experiments.

Vitrectomy Biopsy

Cells were obtained using 25g dual blade guillotine
vitrectomy probe (Bausch and Lomb Stellaris Elite,
Vaughn, ON, Canada) at five different cut rates (500,
1,000, 4,000, 7,500, or 15,000 cpm) at a cell concen-

tration of 2 x 10^5 cells/mL suspended in balanced salt
solution (BSS). All samples were acquired with manual
aspiration of 1cc/minute. Control samples were ob-
tained by aspirating the sample into the specimen
syringe without cutting. Three samples were processed
at each cut rate for cytopathology analysis. Two sam-
ples at each cut rate were processed using Cell Count-
ing Kit-8 (CCK-8, APE x BIO, Boston, MA)/WST-8
tetrazolium salt colorimetric for viability analysis. Sam-
ples were placed in an ice bath between transports from
vitrectomy to the assaying lab. For the vitrectomy pro-
tocol, we positioned the tip of the vitrectomy cutter in
the middle of the cell suspension and collected 2.5 mL
for each specimen at its designated cut rate manually
using a syringe. Before collecting samples for different
cut rates, we thoroughly cleaned the vitrectomy instru-
ments and tubing.

Viability Testing

We determined cell viability and diagnostic yield in
each group using hemocytometry with trypan blue
staining and viable cell count using CCK-8. We used
the manufacturer’s protocol for CCK-8. To confirm
that time spent on ice did not affect cell viability, we
used two different culture plates. Cells obtained
directly from the incubator were placed on one plate,
and specimens from the vitrectomy aspiration were
placed on the second plate. Two rows of 100 mL con-
trol (2 x 10^5 cells/mL suspended in BSS) obtained
directly from the cell culture incubator were plated on
the first 96-well plate. We performed serial dilution
with prewarmed Roswell Park Memorial Institute
1640 at 37°C, and 10 mL of CCK-8 solution was
added to all dilution and vitrectomy samples and
mixed using a micropipette. The plate was then incu-
bated for 1.5 hours and transferred to an absorbance
microplate reader. Absorbance was measured at 450
nm. The second 96-well plate, used for control sam-
ples and vitrectomized samples, was similarly pro-
cessed. Two rows of 100 mL control (2 x 10^5 cells/
mL suspended in BSS) that were placed on ice and
brought to the vitrectomy lab for the duration of cell
processing were plated, and serial dilution was per-
formed using prewarmed Roswell Park Memorial
Institute 1640 at 37°C. Two rows for each cut rate
suspension were serially diluted with prewarmed Ros-
well Park Memorial Institute 1640, and 10 mL of
CCK-8 solution was added to all filled wells and
mixed using a micropipette. Absorbance data were
converted into cell concentrations based on the dilu-
tion curve.
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Cytopathology Analysis

Cytopathologic analysis of the samples was per-
formed using Cytospin preparations. We combined 0.2
cc from each sample with 0.2 cc of Epredia Cytospin
collection fluid (Portsmouth, NH), centrifuged at 2,000
revolutions per minute for 10 minutes. After centrifu-
gation, Cytospin preparations were fixed for 2 minutes
in 95% alcohol and stained with hematoxylin-eosin
stain. Slides were scanned at 40· using Ventana DP
200 slide scanner (Roche Diagnostics, Basel, Switzer-
land) and viewed with Ventana Image Viewer version
3.1.4 (Ventana Medical Systems Inc, Tucson, AZ).
Intact cells were manually counted by an experienced
ophthalmic pathologist (TM), who was masked to the
cell collection protocol and the cut rate. Cells with
stripped cytoplasm, cell fragments, and apoptotic cells
were excluded from the count (Figure 3A).

Statistical Analysis

The yield of vitreous biopsy by hemocytometry,
cytopathology cell count, and cell viability assay was
evaluated by ANOVA between the different vitrector
cut rates. We assessed linear variation of cellular yield
with linear regression. A P value less than 0.05 was
considered statistically significant. We repeated exper-
imental quantification tests three times for each spec-
imen and calculated mean values using Excel
(Microsoft Corporation, Redmond, WA).

Results

Lymphoma cell biopsy was successful at all cut
rates and analyzed by viable cell analysis, hemocy-
tometry, and cytopathology.

Viable Cell Analysis

The mean 6 SD viable cell concentration for all
samples was 58,481618,942 cells/mL. Figure 1 plots
the viable cell concentration at vitrector cut rates of
500, 1,000, 4,000, 7,500, and 15,000 cpm. No statis-
tically significant deviation in cell count was identi-
fied in any cut rate by ANOVA (P = 0.61), and no
trends in the number of viable cells were identified
across cut rates (R2 = 0.188, P = 0.47). Lymphoma
cell samples were on ice for a mean (SD) of 140.5
(39.23) minutes, including the duration of vitrectomy
and the time to transfer for incubation for CCK-8
analysis and Cytospin with ocular pathology. No sig-
nificant differences in CCK-8 absorbance were noted
between the first 96-well plate controls with cells
directly from the incubator and the second 96-well

plate controls, which were on ice for the duration of
experimentation.

Cytologic Cell Count

We analyzed cell concentration by Trypan blue
staining and hemocytometry. Figure 2 plots the cell
counts as a function of cut rate. Linear regression
found no statistically significant linear trend (R2 =
0.531, P = 0.16). ANOVA found no statistically sig-
nificant difference between the groups (P = 0.096).
Additional post hoc analysis using Tukey HSD com-
parison of treatments did not yield differences between
pairs of individual cut rates.

Cytomorphology

We reviewed the cytopathology of all samples to
assess diagnostic sensitivity for lymphoma analysis.
All Cytospin preparations had a mixture of intact cells
and degenerated cells. The intact cells had ovoid
nuclei, prominent nucleoli, and basophilic vacuolated
cytoplasm. The degenerated cells included apoptotic
cells, cell fragments, and cells that were partially or
completely devoid of cytoplasm (Figure 3). Linear
regression found no statistically significant linear trend
(R2= 0.0968, P = 0.86). ANOVA found no cytomor-
phologic difference between the control samples and
samples obtained with various cut rates (P = 0.110).

Discussion

Several previous in vitro studies using 20g and 25g
vitrectors demonstrated possible diagnostic yield
reduction of lymphoma cells at higher cut speeds.
Evaluation of cells at speeds greater than 600 cpm
revealed decreased cellularity, increased cell fragmen-
tation, and damaged cell morphology and viability
using immunohistology and cytopathology.2,11,12

These studies suggest that more rapid speeds, such

Fig. 1. Viable cell concentration via CCK-8 assay of lymphoma vit-
rectomy samples from cut rates 500 through 15,000 cuts/minute.
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as the cut rates tested in the current study, would cause
a high shear force over a large enough zone to disrupt
a significant portion of cells. For several years, clini-
cians were given the cut rate recommendation of 600
cpm or less while performing vitreous biopsy to pre-
serve diagnostic yield for PVRL. The current study
suggests this may not be correct. Our study combined
cytopathologic assessment by an experienced ophthal-
mic pathologist with other methods to evaluate cell
integrity and viability, including viable cell count with
CCK-8 and Trypan blue assays and hemocytometry.
We found that high cut rates up to 15,000 cpm with
modern 25g vitrectomy probe did not significantly
affect cell morphology or counts compared with the
control in our in vitro model of PVRL.
There are several advantages to our study. Results

from past studies using comparatively low-cut rates
and larger gauge vitrectomy instruments do not
compare with modern vitrectomy systems because of
the decreased flow rate and particle acceleration
characteristics with optimized port geometries in
modern 25g cutters13. Ratanapojnard et al12 evaluated
the effect of cut rates up to 1,500 cpm on microbial
and myeloid leukocyte viability using a guillotine
mechanism. The authors found that although the high
cut rate did not significantly alter culture yield of bac-
terial and fungal organisms, there was a significant
difference in the myeloid leukocyte viability at the
cutting rate of 1,500 cpm. Although this study evalu-
ated fast cut rates, it did not closely replicate the cyto-
logic features of PVRL. In our study, we used human
Burkitt lymphoma cells, which closely resemble
DLBCL regarding morphology, propensity for apopto-
sis/necrosis, and fragility. To account for the loss of
cell viability because of time after acquisition, a con-
trol of the CCK-8 viability experiment was performed
with cells that were drawn immediately after being
collected and those that were on ice for the duration
of the experiment.

The current study does have limitations, which
primarily stem from its in vitro design. Without a
standard vitreous substitute, cell morphology and
viability in vivo may differ from cells grown in culture
media and may not accurately reflect the viscosity of
human vitreous humor. Hydrodynamic differences
may exist that are not accounted for when comparing
our aqueous medium to the gel-like medium of human
vitreous. However, our study standardized cell counts
and used varied assays to assess cell viability, which
was consistent among all cell counts and with the
control group. Although Burkitt lymphoma closely
resembles DLBCL cytomorphologically, the two lym-
phomas are not identical. Additional cell lines, includ-
ing those that are more often causative of PVRL such
as B cell lymphoma, could be tested in future studies.
Differences also exist between cultured lymphoma
cells and in vivo lymphoma cells; in the human eye,
vitreous specimens contain varying amounts of lym-
phoma cells that may not be evenly distributed. Unlike
our study’s comparatively high lymphoma cell counts,
a patient vitrectomy sample may be mixed with
necrotic cells, fibrin, debris, and reactive lymphocytes,
contributing to diagnostic challenges.14 Clumping of
lymphoma cells may introduce between-sample vari-
ability, which could limit the statistical results;

Fig. 2. Cell concentration by hemocytometry as a function of cut rates
500 through 15,000 cuts/minute.

Fig. 3. Representative cytopathology images of human Burkitt lym-
phoma samples. Intact human Burkitt lymphoma cells feature ovoid
nuclei, prominent nucleoli, and scant-to-moderate amounts of baso-
philic, focally vacuolated cytoplasm. Cell fragments (arrows) and
apoptotic cells (arrowheads) were excluded from the cell count. Sam-
ples were obtained at control (A), 500 (B), 1,000 (C), 4,000 (D), 7,500
(E), and 15,000 (F) cut rates. [All images: Hematoxylin-eosin stain,
400·].
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however, this occurs with in vivo vitreous biopsy as
well. In our methodology, three independent vitrec-
tomy specimens were obtained for each cut rate. We
found significant variability in the diagnostic yield at
each cut rate, which we believe reflects the underlying
heterogeneity inherent to vitreous biopsy in in vitro
and real-world environments. This variability may
limit statistical strength in identifying cut rate differ-
ences, thus future efforts should aim to repeat and
confirm these findings with a greater sample size.
Our study’s main focus was on the viability and

integrity of PVRL cells with 25g vitrectomy at various
cut rates. Although cytologic assessment remains the
cornerstone of PVRL diagnosis, ancillary methods
such as immunohistochemistry, MYD88 mutation
studies, immunoglobulin gene rearrangement studies,
interleukin levels, and flow cytometry have gained
increasing importance in PVRL diagnosis.15 Except
for flow cytometry, cellular viability and integrity are
not as vital for diagnostic yield and accuracy of these
other ancillary methods.
Our results suggest that 25g vitrectomy systems can

be employed using 15,000 cpm without compromising
the viability and integrity of lymphoma cells or PVRL
diagnosis. In vivo study design and in vitro studies
recreating a closer representation of an ocular envi-
ronment will be crucial to better understand the
possible implications of using a high vitrectomy cut
rate on cell viability and morphology. Studies evalu-
ating the effect of various vitrectomy protocols on the
diagnostic yield of ancillary methods used in PVRL
diagnosis will also provide valuable information.

Key words: retina, primary vitreoretinal lymphoma,
diagnosis, biopsy, vitrectomy, ocular pathology, cytology.
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THREE-DIMENSIONAL HEADS-UP
VITRECTOMY VERSUS CONVENTIONAL
MICROSCOPIC VITRECTOMY FOR
PATIENTS WITH EPIRETINAL MEMBRANE

DONG JU KIM, MD,* DONG GEUN KIM, MD,‡ KYU HYUNG PARK, MD, PHD*†

Purpose: To investigate the efficacy and safety of 3D heads-up display (3D-HUD)
vitrectomy compared with conventional microscopy (CM) vitrectomy in epiretinal mem-
brane (ERM) surgery.

Methods: Epiretinal membrane removal with or without internal limiting membrane (ILM)
peeling was performed using a 3D-HUD or CM system. The mean changes in best-
corrected visual acuity (BCVA) and in central macular thickness (CMT) and postoperative
complications were assessed.

Results: Baseline demographics were comparable except for the follow-up period. Both
BCVA and CMT improved at the final visit (all P , 0.05). The ERM recurrence and disso-
ciated optic nerve fiber layer (DONFL) rates were lower in the 3D group (both P , 0.05).
conventional microscopic vitrectomy (odds ratio [OR] = 12.86, P = 0.02) and absence of
ILM peeling (OR = 45.25, P , 0.05) were associated with ERM recurrence. In the DONFL,
CM vitrectomy (OR = 1.98, ,0.05) and combined phacovitrectomy (OR = 2.33, P = 0.03)
were analyzed as risk factors for DONFL.

Conclusion: The improvement in BCVA and CMT in ERM surgery using a 3D-HUD is
comparable with that of CM vitrectomy, with a significantly low rate of ERM recurrence and
DONFL occurrence. Therefore, 3D vitrectomy might have an advantage for ERM surgery.

RETINA 43:1010–1018, 2023

The latest advances in vitrectomy platforms provide
a remarkable level of performance through their

technologies, leading vitreoretinal surgeons to achieve
successful vitreoretinal surgery.1–3 Technology devel-
opment has been performed in various surgical sys-

tems, including small-gauge (G) sclerotomy, high-
speed vitreous cutter, intraoperative optical coherence
tomography (OCT), and three-dimensional heads-up
display (3D-HUD) systems. Among these advanced
technologies, 3D-HUD has led to a drastic change in
the visualization of intraocular surgery compared with
conventional microscopy (CM). The image displayed
on a high-definition monitor through a high dynamic
range camera observed with passive polarized 3D
glasses enables a stereoscopic surgical view with
greater sharpness and contrast.4,5 Improved magnifica-
tion and extended depth of field allow for specific
distinction of the complex posterior anatomy of the
eyeball, which eventually leads to minimal tissue
manipulation. By digital amplification of a high
dynamic range camera and providing personalized
color and light temperature, only a minimal endoillu-
mination level is required during surgery.6 Because the
endoilluminator light is directed to the retina without a
natural barrier of the anterior ocular structures, minimal
endoillumination of 3D-HUD can potentially reduce the
risk of phototoxicity.7 Considering the above strengths
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of 3D-HUD, it has become more popular as a treatment
option for various vitreoretinal diseases.8,9 Several stud-
ies have investigated the surgical outcomes and compli-
cations after 3D-HUD vitrectomy compared with CM
vitrectomy.10–12 However, most previous studies were
targeting only a small number of population or compar-
ing various vitreoretinal diseases at once, which might
be unable to show the actual benefit of 3D-HUD vitrec-
tomy over CM vitrectomy. This study aimed to compare
the clinical outcomes and postoperative complications
between 3D-HUD vitrectomy and CM vitrectomy for
epiretinal membrane (ERM) surgery in a relatively large
population.

Materials and Methods

Patient Consent and Clinical Data Collection

A retrospective chart review was performed on 839
consecutive patients with ERM who underwent ERM
surgery by a single experienced vitreoretinal surgeon
(K.H.P.) between January 1, 2015, and November 30,
2021, at Seoul National University Bundang Hospital
(SNUBH). Since the introduction of the NGENUITY
3D visualization system (Alcon Laboratories, Fort
Worth, TX) to SNUBH in January 2018, almost all
vitrectomies have been performed using a 3D visual-
ization system. A total of 534 eyes of 513 patients with
idiopathic ERM with follow-up periods longer than 3
months were enrolled in this study. Patients were
excluded if any evidence suggested secondary ERM,
high myopia (spherical equivalent $26.00 D or axial
length $26 mm), a coexisting ocular disease affecting
visual or anatomical function, and a history of intra-
ocular surgery except cataract surgery. The details of
the patient selection process are shown in Figure 1.
This study was approved by the Institutional Review
Board of SNUBH (IRB No.: B-2202-736-102) and
conducted in accordance with the tenets of the Decla-
ration of Helsinki.

Surgical Procedures

All ERM surgeries were performed by a single
experienced vitreoretinal surgeon (K.H.P.) using a 25-
G transconjunctival sutureless pars plana vitrectomy
(PPV) platform (Constellation, Alcon Laboratories,
Fort Worth, TX) and the contact lens system (Hoya
Corp, Tokyo, Japan). Phacoemulsification with intra-
ocular lens implantation was performed before vitrec-
tomy in patients with visually disturbing cataracts.
End-grip forceps (GRIESHABER; Alcon Inc, Fort
Worth, TX) were used to remove the membrane.
Internal limiting membrane (ILM) peeling was per-

formed using preservative-free triamcinolone aceto-
nide (Maqaid, Wakamoto Pharmaceutical Co, Ltd,
Tokyo, Japan) to enhance the visualization of ILM. If
necessary, triamcinolone acetonide was used several
times to identify the layer of membrane. Topical
antibiotics (0.5% levofloxacin, Culevox; Taejoon,
Seoul, South Korea), antiinflammatory drops (pred-
nisolone acetate, Pred Forte; Allergan Inc, Irvine, CA),
and cycloplegic drops (homatropine, Homapine; Han-
lim Pharm, Seoul, South Korea) were administered
postoperatively. The surgical procedure was the same
for each system except for the surgical settings. For the
3D-HUD group, the NGENUITY 3D visualization
system was used as the surgical viewing platform. A
3D surgical camera was connected to a surgical
microscope (OPMI LUMERA 700 surgical micro-
scope, Carl Zeiss Ag, Jena, Germany), and the camera
was set at 40% of its iris aperture (ICM5 A; Alcon
Laboratories, Fort Worth, TX). The surgeon and his
assistants wore passive 3D polarized glasses, and 3D
OLED displays (55 inches, 3840 · 2160 resolution,
OLED55E6P, LG Ltd, Seoul, South Korea) were posi-
tioned at approximately 1.0 to 1.2 m from the surgeon.
The endoillumination level was set to 10% for ERM
surgery. For the CM group, all the surgical procedures
were performed under the same vitrectomy platform
and surgical microscope, looking through the ocularis
of the microscope. The endoillumination intensity of
the CM group was set to 30% in all surgeries.

Ophthalmic Examination

After ERM surgery, patient visits were scheduled
regularly at 1 day, 1 week, and 1, 4, 10, and 22
months. All patients underwent complete ophthalmo-
logic examinations during the preoperative and post-
operative visits. Ophthalmic examinations included
best-corrected visual acuity (BCVA) measurement
using the Snellen chart, slit-lamp examination, intra-
ocular pressure measurement with a noncontact
tonometer (KT-500 automated tonometer, Kowa Co,
Ltd, Tokyo, Japan), and indirect ophthalmoscopy. The
axial length was measured in all patients with the IOL
master 500 or IOL master 700 (Carl Zeiss Meditec Inc,
Jena, Germany). For comparison before and after
ERM surgery, fundus photographs and OCT images
were obtained from all patients for each follow-up.
Spectral domain OCT (SD-OCT) (SPECTRALIS;
Heidelberg Engineering, Heidelberg, Germany) with
an eye-tracking system and automatic software was
used to scan the same location for each follow-up. A
25-line raster scan of the SPECTRALIS was
included in the analysis. Infrared reflectance images
were simultaneously evaluated to confirm the
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location and position of the 25-line raster scans. The
central macula was measured using a circular map
analysis protocol.
Epiretinal membrane evaluation was performed

based on fundus photographs and OCT images at
each follow-up. Baseline ERM severity was graded
according to OCT images based on Govetto et al.13

ERM recurrence, dissociated optic nerve fiber layer
(DONFL), and swelling of the arcuate nerve fiber layer
(SANFL) were assessed independently using fundus
photographs and OCT images. Epiretinal membrane
recurrence was defined as the reappearance of the
removed membrane after ERM surgery or the prolif-
eration of residual ERM.14–16 Appearance of DONFL
was measured with photographs and OCT images
acquired at 4 months postoperatively. A DONFL
appearance was observed as numerous arcuate retinal
striae running along the optic nerve fibers in the mac-
ular area on fundus photograph, which correlated with
the number of focal dimples on the retinal surface on
OCT.17,18 The presence of SANFL was determined in
the infrared image 1 week after ERM surgery. Swell-
ing of the arcuate nerve fiber layer is characterized by
transient dark arcuate striae radiating from the optic
nerve after ILM peeling (Figure 2).19 All images were
evaluated by two independent observers (D.J.K.
and D.G.K.) with blinded clinical information, and
the senior supervisor (K.H.P.) adjudicated the discrep-
ancy between the two observers. The Cohen kappa

coefficient was used to measure the agreement
between the interobservers (D.J.K. and D.G.K.) in
SANFL, DONFL, and ERM recurrence. There was
high concordance between the two observers with a
correlation coefficient (k = 0.93 for SANFL, k = 0.88
for DONFL, and k = 0.87 for ERM recurrence).
Microstructural integrity of the outer retina including
the external limiting membrane (ELM), interdigitation
zone (IZ), and ellipsoid zone (EZ) was also assessed
based on the SD-OCT images. Outer retinal defect was
defined if there was a defect in each layer within
1,000 mm of the central fovea on horizontal or vertical
OCT images taken within 4 months postoperatively
(Supplementary Figure 1, http://links.lww.com/IAE/
B926).

Evaluation of Efficacy and Safety

The primary outcome used for evaluating efficacy
was based on changes in the mean BCVA and
improvement in central macular thickness after sur-
gery. The secondary outcome was to analyze surgical
complications to ensure safety. The factors associated
with postoperative complications were ERM recur-
rence, SANFL, DONFL, endophthalmitis, rhegmatog-
enous retinal detachment, postoperative hidden retinal
tears, ocular hypertension, cystoid macular edema
(CME), iatrogenic macular hole or retinoschisis, sterile
inflammation, and defect of outer retinal layer.

Fig. 1. Flowchart of the study population selection showing the inclusion and exclusion criteria used for patient selection. The number of enrolled
patients was described through the process.
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Statistical Analyses

Descriptive statistics were calculated for patient
demographics and clinical characteristics. Continu-
ous data are described as mean 6 SD, and categor-
ical data are reported as frequencies and
percentages. All statistical analyses were performed
using SPSS Statistics for Windows, version 23
(SPSS Inc, Chicago, IL). Before statistical analysis,
the normality of the distribution of data was assessed
using the Kolmogorov–Smirnov test or Shapiro–
Wilk test. An independent t-test was used to com-
pare parametric data. For nonparametric data, the
Mann–Whitney U test was used. Categorical data
were analyzed using chi-squared tests and linear-by-
linear association or Fisher exact tests. The Wilcox-
on signed-rank test was performed to compare var-
ious parameters before and after surgery. Linear
mixed models were applied to investigate the differ-
ence in longitudinal trends in BCVA, CMT, intraoc-
ular pressure (IOP), and spherical equivalent (SE)
between the two groups, where group, time, and

group · time were included as fixed factors. Logistic
regression analysis was performed to identify the
factors related to postoperative complications. Sta-
tistical significance was set at P , 0.05.

Results

Demographics and Clinical Characteristics

The clinical characteristics of the patients, including
298 eyes of 290 patients in the 3D vitrectomy group
and 236 eyes of 223 patients in the conventional
microscopy (CM) group, are summarized in Table 1.
The mean follow-up period was significantly longer in
the CM group than in the 3D group. Except for the
follow-up period, baseline characteristics were not dif-
ferent between the two groups, including male/female
ratio, laterality, age, initial visual acuity, initial IOP,
initial SE, axial length, lens status, and prevalence of
underlying disease (hypertension and diabetes melli-
tus). The baseline characteristics of the ERM and

Fig. 2. Representative case of SANFL and DONFL appearance on infrared (IR) and OCT images. A. Representative case of SANFL; IR image
represented multiple dark striae along with nerve fiber layer (black arrow), and corresponding OCT showed edema of nerve fiber layer at week 1 (white
arrows). After 1 month of ERM surgery, multiple dark striae on the IR image and edema of the nerve fiber layer on the OCT image totally disappeared.
B. Representative case of DONFL; IR and OCT image 1 week after ERM surgery showed no definite arcuate retinal striae and focal dehiscence. IR
image 4 months after surgery showed numerous arcuate retinal striae running along the nerve fibers in the macular area (white dotted circle), which is
consistent with focal dehiscence (white arrowheads) on corresponding OCT. These new findings remained until 22 months after surgery.ERM, epi-
retinal membrane; DONFL, dissociated optic nerve fiber layer; SANFL, swelling of the arcuate nerve fiber layer.
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surgical factors are summarized in Table 2. Baseline
central macular thickness, operation time (PPV only
and combined phacovitrectomy), ERM stage, outer
retinal defect, and type of surgery were balanced
between the two groups. The incidence of ILM peeling
was significantly higher in the 3D vitrectomy group (P
, 0.05).

Postoperative Outcomes

All surgeries were successfully performed without
intraoperative complications. Postoperative BCVA at
each follow-up period was improved compared with
baseline in both groups (all P , 0.05) (Figure 3). No

significant difference was observed in BCVA between
the two groups during the follow-up (all P. 0.05). To
exclude the effect of cataracts on postoperative visual
outcomes, we additionally analyzed only patients with
pseudophakia to investigate changes in visual acuity.
No significant differences were observed between the
3D and CM groups during the follow-up period (all P
. 0.05) (Supplementary Figure 2, http://links.lww.
com/IAE/B927). The postoperative CMTs signifi-
cantly decreased at each visit compared with baseline
(all P , 0.05) in both groups, and the CMTs were not
significantly different between the groups at any
period (all P . 0.05, Figure 4).

Table 2. Baseline Characteristics of ERM and Surgical Factors

Variable 3D Vitrectomy (n = 298) Conventional Vitrectomy (n = 236) P

Central macular thickness 448.54 6 91.69 434.87 6 77.43 0.73*
PPV:combined surgery 157:141 134:102 0.35†
Operation time (min)
PPV only 30.70 6 6.56 29.55 6 6.44 0.99*
Combined surgery 45.79 6 9.25 46.47 6 7.23 0.65*

ILM peeling 285 (95.6%) 193 (81.8%) 0.00†
ERM stage 0.05‡
1 4 (1.3%) 6 (2.5%)
2 22 (7.4%) 33 (14.0%)
3 174 (58.4%) 131 (55.5%)
4 38 (12.8%) 24 (10.2%)

Lamellar hole 60 (20.1%) 42 (17.8%)
Outer retinal defect
ELM defect 4 (1.3%) 1 (0.4%) 0.27†
EZ defect 6 (2.0%) 11 (4.7%) 0.08†
IZ defect 24 (8.1%) 17 (7.2%) 0.71†

Values are described as mean 6 SD unless otherwise indicated.
*Independent t-test.
†Chi-square test.
‡Linear-by-linear association; P value ,0.05 was considered statistically significant.
ELM, external limiting membrane; ERM, epiretinal membrane; EZ, ellipsoid zone; ILM, internal limiting membrane; IZ, interdigitation

zone; PPV, pars plana vitrectomy.

Table 1. Demographics and Baseline Characteristics

Variable 3D Vitrectomy (n = 298) Conventional Vitrectomy (n = 236) P

Age 63.48 6 10.14 64.87 6 8.38 0.09*
Sex (male:female) 102:196 82:154 0.90†
Laterality (right:left) 160:138 120:116 0.51†
Initial VA (logMAR) 0.22 6 0.23 [approximate

Snellen equivalent 20/33]
0.24 6 0.23 [approximate
Snellen equivalent 20/34]

0.76*

Initial IOP 10.51 6 2.66 10.55 6 2.71 0.86*
Initial SE (Diopter) 0.26 6 1.89 0.34 6 1.80 0.61*
Axial length (mm) 23.59 6 0.90 23.56 6 0.89 0.67*
Diabetes (%) 34 (11.4%) 19 (8.1%) 0.19†
Hypertension (%) 101 (33.9%) 74 (31.4%) 0.54†
Lens status (phakia:pseudophakia) 267:31 203:33 0.21†
Follow-up period (month) 14.47 6 9.03 18.34 6 8.49 0.00*

Values are described as mean 6 SD unless otherwise indicated.
*Independent t-test.
†Chi-square test; P value ,0.05 was considered significant.
VA, visual acuity; IOP, intraocular pressure; SE, spherical equivalent.
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The incidence of postoperative complications,
except DONFL and ERM recurrence, was not signif-
icantly different between the two groups (Supplemen-
tary Table 2, http://links.lww.com/IAE/B931). The
incidence of DONFL and recurrence rate 1 year after
surgery were significantly higher in the CM group
(both, P , 0.05) (Supplementary Table 2, http://
links.lww.com/IAE/B927). The recurrence rate of
ERM was analyzed 1 year after surgery because of
the difference in the follow-up period between the
two groups. The recurrence rate of ERM for 1 year
after surgery was higher in the CM group than in the
3D group [61 (31.8%) vs 14 (7.9%), P , 0.05].

Owing to the differences in the frequencies of ILM
peeling, a subanalysis was performed in patients who
performed ILM peeling in both groups (Supplemen-
tary Table 1, http://links.lww.com/IAE/B930). The
incidence of DONFL and ERM recurrence was also
significantly higher in the CM group than in the 3D
vitrectomy group (P , 0.05 and P , 0.05, respec-
tively). Logistic regression analyses were performed
to identify surgical and demographic factors associated
with the development of DONFL and ERM recur-
rence. Factors associated with ERM recurrence were
identified using a conventional microscope (OR = 12.
86, P = 0.02) and the absence of ILM peeling (OR =

Fig. 3. Changes in mean visual
acuity after epiretinal mem-
brane surgery in both groups.

Fig. 4. Changes in central
macular thickness after epi-
retinal membrane surgery in
both groups.
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45.25, P , 0.05) (Table 3). The development of
DONFL correlated with the use of CM (OR = 1.98,
P, 0.05) and combined phacovitrectomy (OR = 2.33,
P = 0.03) (Table 4).

Discussion

This study demonstrated that clinical outcomes,
including improvement in visual acuity and retinal
thickness, were comparable between 3D-HUD vitrec-
tomy and CM vitrectomy for ERM in a cohort of 534
eyes. One interesting finding of postoperative compli-
cations was that the recurrence rate and incidence of
DONFL were significantly lower in the 3D-HUD
group. The recurrence rate of ERM could vary
depending on how the study defines ERM recurrence
due to the ability of imaging modalities for ERM. This
study adopted the definition of ERM recurrence based
on SD-OCT images, which are more sensitive in
detecting ERM recurrence than fundus photography.14

Based on SD-OCT for ERM recurrence, the recurrence
rate at 1 year was 14 (7.9%) in the 3D-HUD group and
61 (31.8%) in the CM group. Because of the discrep-
ancy in ERM recurrence between the two groups, we

aimed to identify the factors associated with ERM
recurrence. Logistic regression analysis showed that
CM and the absence of ILM peeling were associated
with ERM recurrence. Even in the subanalysis includ-
ing only patients who underwent ILM peeling, the
recurrence rate was significantly lower in the 3D group
than in the CM group [10 (5.9%) vs. 40 (25.2%), P ,
0.05]. According to previous studies on ERM recur-
rence, ERM recurrence is related to factors such as
residual ERM (or incomplete ERM removal), absence
of ILM peeling, and surgical trauma, which could be
potential sources of fibrocellular proliferation.20–22

The digital image processing of a 3D-HUD system
delivers enhanced visualization and magnification
without loss of resolution. This improved surgical
view may have enabled the surgeon to perform a less
traumatic and more complete removal of the ERM,
resulting in a difference in ERM recurrence. We also
found that 3D-HUD reduces the incidence of not
SANFL but DONFL. Swelling of the arcuate nerve
fiber layer is the earliest and transient postoperative
inner retinal alteration,19 whereas DONFL is relatively
late onset (approximately 1 month after surgery) and
appears as multiple striae or dimples on the inner

Table 3. Logistic Regression Analysis of Risk Factors for ERM Recurrence

Variable Adjusted OR 95% CI P*

SANFL 0.30 0.07–4.46 0.14
DONFL 0.56 0.07–4.46 0.58
Device (conventional vitrectomy) 12.86 1.60–103.14 0.02
Sex (male) 0.47 0.14–1.51 0.20
Age 1.03 0.94–1.13 0.47
Diabetes 0.71 0.11–4.50 0.72
Hypertension 0.71 0.18–2.71 0.61
Laterality (right) 0.66 0.21–2.13 0.49
Best-corrected VA 1.91 0.14–26.64 0.63
Intraocular pressure 1.06 0.84–1.33 0.65
Spherical equivalent 0.80 0.57–1.13 0.21
Central macular thickness 0.99 0.99–1.00 0.29
ERM Grade 1 1.00 (ref)
ERM Grade 2 1.21 0.03–53.62 0.92
ERM Grade 3 0.81 0.02–41.37 0.92
ERM Grade 4 0.43 0.00–69.23 0.74
Lamellar hole 0.17 0.00–11.24 0.41
Axial length 0.66 0.29–1.49 0.32
PPV or combined PPV (PPV) 0.95 0.12–7.49 0.96
Operation time 0.99 0.92–1.09 0.96
Follow-up period 1.08 0.99–1.09 0.21
Lens status (phakia) 0.29 0.03–2.55 0.23
ELM defect 0.00 0.00 1.00
EZ defect 0.31 0.05–1.81 0.19
IZ defect 0.59 0.15–2.44 0.47
ILM peeling (ILM peeling [-]) 45.25 16.36–125.17 0.00

*Logistic regression analysis; P value ,0.05, considered statistically significant.
DONFL, dissociated optic nerve fiber layer; ELM, external limiting membrane; ERM, epiretinal membrane; EZ, ellipsoid zone; ILM,

internal limiting membrane; ; IZ, interdigitation zone; PPV, pars plana vitrectomy; SANFL, swelling of arcuate nerve fiber layer; VA, visual
acuity.
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retinal surface.23 However, the pathogenesis of
SANFL and DONFL seems related to Müller cell foot-
plate trauma during ILM peeling.18,24 Nevertheless,
SANFL is likely to occur because of direct surgical
trauma to the retinal nerve fiber layer during ILM
peeling, and unlike SANFL, trauma to the end plates
of Müller cells could change the arrangement of the
nerve fiber layer, resulting in DONFL. In this study,
ILM peeling was performed more frequently in the 3D
vitrectomy group, but no statistically significant differ-
ence was observed in the incidence of SANFL
between the two groups. However, the incidence of
DONFL was much higher in the CM group than in
the 3D-HUD group [62 (26.3%) vs 54 (18.1%), P =
0.02]. The discrepancies in postoperative ERM and
DONFL occurrence rates between the two groups
might be because less traumatic surgery was attributed
to the 3D-HUD system. Moreover, CM vitrectomy, a
risk factor associated with the incidence of DONFL,
supports this suggestion. However, there was no dif-
ference in postoperative photoreceptor integrity,
including ELM, EZ, and IZ, depending on the viewing
system.

In all 3D cases, ERM surgery was successfully
performed at a 10% endoillumination level. Power,
duration of exposure, and proximity are known to be
associated with the risk of retinal phototoxicity.7,25,26

The operative time was comparable between the two
groups in this study. Thus, low endoillumination levels
could reduce the thermal and chemical injuries caused
by phototoxicity. Several studies have also reported a
similar possibility of reducing phototoxicity using 3D-
HUD.7,11,27 In addition to the advantage of visualiza-
tion of the 3D-HUD, improved surgical ergonomics
might also contribute to reducing surgical trauma
and later complications.9,11

This study had several limitations that need to be
addressed in future studies. First, the retrospective
study design had an inborn possibility of selection bias
that might affect the results of this study. Second, there
was a discrepancy in the timing of surgery between the
two groups. Before January 2018, all ERM surgeries
were performed using a conventional microscope.
After the introduction of NGENUITY in January
2018, almost all ERM surgeries have been performed
using NGENUITY. The learning curves may have

Table 4. Logistic Regression Analysis of Risk Factors for Development of DONFL

Variable Adjusted OR 95% CI P*

Recurrence 0.84 0.12–5.59 0.86
SANFL 6.39 0.04–10.98 0.99
Device (conventional vitrectomy) 1.98 1.25–3.14 0.00
Sex (male) 1.12 0.66–1.89 0.68
Age 1.01 0.98–1.04 0.38
Diabetes 0.94 0.38–2.34 0.89
Hypertension 0.70 0.40–1.22 0.21
Laterality (right) 1.28 0.79–2.06 0.30
Best-corrected VA 1.76 0.60–5.12 0.30
Intraocular pressure 0.97 0.88–1.06 0.46
Spherical equivalent 0.95 0.81–1.12 0.56
Central macular thickness 0.99 0.99–1.00 0.35
ERM Grade 1 1.00 (ref)
ERM Grade 2 1.33 0.23–7.74 0.75
ERM Grade 3 1.29 0.25–6.55 0.76
ERM Grade 4 1.79 0.27–11.91 0.54
Lamellar hole 2.24 0.43–11.68 0.34
Axial length 0.78 0.61–1.00 0.05
PPV or combined PPV (combined
PPV)

2.33 1.11–4.89 0.03

Operation time 0.96 0.93–1.00 0.05
ILM peeling (ILM peeling [-]) 0.51 0.08–3.20 0.47
Lens status 0.74 0.29–1.85 0.52
ELM defect 0.00 0.00 0.99
EZ defect 1.23 0.54–2.78 0.62
IZ defect 0.59 0.34–1.04 0.07
Follow-up period 0.97 0.94–1.00 0.13

*Logistic regression analysis; P-value ,0.05, considered statistically significant.
DONFL, dissociated optic nerve fiber layer; ELM, external limiting membrane; ERM, epiretinal membrane; EZ, ellipsoid zone; ILM,

internal limiting membrane; IZ, interdigitation zone; PPV, pars plana vitrectomy; SANFL, swelling of the arcuate nerve fiber layerVA, visual
acuity.
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affected the surgical outcomes; however, these seemed
to be minimal because the surgical procedure of a
single experienced surgeon (K.H.P.) for ERM surgery
has not changed over the past 10 years. This is the first
study to show the potential surgical benefit of the 3D
visualization system compared with CM in ERM
surgery with the largest sample sizes to date.
In conclusion, the visual outcome and improved

central macular thickness were comparable between
3D-HUD and CM for ERM surgery. For postoperative
complications, ERM recurrence and incidence of
DONFL were significantly higher in the CM group.
The benefits of the 3D-HUD system, such as lower
endoillumination, higher magnification, and resolu-
tion, may reduce these postoperative complications.
Therefore, vitrectomy with a 3D-HUD for ERM
surgery may have advantages relative to conventional
microscopic vitrectomy.

Data Statement

The data sets generated and/or analyzed during this
study are available from the corresponding author on
reasonable request.

Key words: 3D heads-up display, epiretinal mem-
brane, macular surgery, operating microscope.
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Scan code to view VIDEO

Surgical Technique Edited by George A. Williams

Modified Intrascleral Fixation for Repositioning
the Dislocated Single-Piece, Rigid PMMA
Intraocular Lens

Purpose: To describe a modified intrascleral fixation technique for repositioning single-
piece rigid polymethyl methacrylate intraocular lenses (IOLs).

Methods: Four patients with dislocated IOLs were enrolled. Surgical modifications
included using #1-mm scleral incision for haptic externalization, placing the IOL haptic
placement in scleral tunnels, and using 8-0 absorbable sutures. Patients were followed up
for 6 months with routine ophthalmic examinations, corneal endothelial cell counts, and
ultrasound biomicroscopy (UBM).

Results: The mean follow-up time was 13.5 ± 5.45 months. The IOL was well centered
and the spherical refraction improved (+10.25 ± 2.21 vs. 20.81 ± 1.59 D, P , 0.05),
whereas the best-corrected visual acuity (pre 20/43 Snellen, 0.42 ± 0.33 logarithm of the
minimum angle of resolution equivalent and post 20/36 Snellen, 0.31 ± 0.22 logarithm of the
minimum angle of resolution equivalent; P = 0.235), intraocular pressure (pre 13.8 ± 3.21,
post 13.55 ± 5.14 mmHg), corneal endothelium density (pre 2,423.8 ± 279.6/mm2, post
2,280.25 ± 350.7/mm2), and total astigmatism (pre 21.94 ± 0.43, post 21.69 ± 0.59 D)
remained unchanged. The average horizontal and vertical IOL tilt was 0.33 ± 0.22° and 0.81
± 0.38°, respectively. Intraocular lens decentration was 0.10 ± 0.03 mm horizontally and
0.13 ± 0.06 mm vertically.

Conclusion: The modified intrascleral fixation technique shows encouraging midterm
results in patients with dislocated single-piece, rigid polymethyl methacrylate IOLs. Larger
samples and longer follow-up are required to confirm the outcomes of this technique.

RETINA 43:1019–1023, 2023

Intraocular lens (IOL) dislocations induce severe
visual disturbances in patients and pose management

challenges for ophthalmologists.1 Single-piece, rigid

polymethyl methacrylate (PMMA) IOLs have been
used in cataract surgery for decades, and their dislo-
cation is reported in ophthalmic practice.2 Many tech-
niques have been developed to reposition dislocated
IOLs, but few are applicable to one-piece rigid IOLs.
Lyu J et al described an ab externo scleral suture fix-
ation technique using a single-armed 10-0 polypropyl-
ene suture to reposition the dislocated one-piece rigid
IOL.2 However, suture breakdown or erosion remains
concerning.3 This study proposes a modified intra-
scleral fixation technique for repositioning single-
piece, rigid PMMA IOLs and demonstrates surgical
success in four patients.

Methods

Four patients were consecutively enrolled and
treated by a single retina specialist (C.H.J.) between
July 2018 and February 2019. Best-corrected visual
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acuity, slit-lamp biomicroscopy, dilated fundus exam-
ination by indirect ophthalmoscopy, refraction by
a autorefractor, intraocular pressure (IOP) by a non-
contact tonometer; axial length by IOLMaster (version
3.01; Carl Zeiss Meditec, Jena, Germany), and corneal
endothelial density by a noncontact specular micro-
scope (Topcon America Corp, Paramus, NJ) were
performed preoperation and postoperation. Spherical
equivalent was calculated as the spherical diopter (D)
plus one-half of the cylindrical dioptric power.
Relevant ocular and systemic history was collected.
Postoperatively, the patients were examined at 1

day, 1 week, 1 month, 3 months, and 6 months, and
the following data were recorded. IOL decentration
and tilt were measured using Pentacam HR (Oculus
Optikgeräte GmbH, Wetzlar, Germany) by one of the
coauthors (K.C.W.) according to the method previ-
ously described.4 Intraoperative and postoperative
complications were also documented.

Surgical Technique

After a retrobulbar block, the pupil was dilated, and
standard three-port 23-gauge (23 G) pars plana
incisions were made. Subsequently, nasal and tempo-
ral limbal peritomies, as well as limbal incisions at the
superior nasal and temporal quadrants were made, and
the anterior chamber was filled with viscoelastic
(DisCoVisc; Alcon Laboratories, Inc, Fort Worth,
TX). The haptic floating in the vitreous cavity was
freed from vitreous traction by vitreous cutter (Figure
1A) and was externalized through the limbal incision
using a 23 G vitreous forceps. Thus, the IOL was
stabilized. With deep scleral indentation, peripheral
vitrectomy was performed, and the other haptic—often
attached to the vitreous base around the inferior pars
plana—was assessed for integrity and was fully mobi-
lized. Using a 500 mm accurate depth knife (BD
Atomic Edge, Dickinson and Co, Inc, Franklin Lakes,
NJ), two 5 mm long grooves were made 3 mm from
and parallel to the nasal and temporal limbus. These
grooves were then extended toward the limbus for
approximately 1 mm, and two slim scleral flaps were
made using a crescent-shaped knife (Beaver Xstar;
Dickinson and Company, Inc, Franklin Lakes, NJ)
(Figure 1B). Two 23 G scleral incisions placed 180°
apart were made under the flaps approximately 2 mm
from the limbus. Both haptics was then externalized
through these incisions using two vitreous forceps and
the hand-shaking technique (Figure 1, C and D). With
a banded 25 G needle, two scleral tunnels parallel to
the limbus and away from the 23 G scleral incision
were also made at the other end of the flap, approxi-
mately 3-4 mm apart from the incision (Figure 1E).

The two haptics were placed into these tunnels and
care was taken to achieve IOL centration. Using 8-0
suture (Vicryl; Ethicon Inc, Somerville, NJ) and deep
bite beneath the haptics, the scleral flap was closed,
and the haptics were fixed with two separate
sutures (Figure 1F). After fundus examination, con-
junctival incisions were closed with 8-0 sutures
(see Video, Supplemental Digital Content 1,
http://links.lww.com/IAE/B251). Postoperatively, top-
ical prednisolone acetate, levofloxacin, and pranopro-
fen were used for a month.

Results

Four patients (mean age: 48.0 ± 12.03 years) were
enrolled, and the mean time since IOL implantation
was 14.0 ± 8.29 years. The mean follow-up time
was 13.5 ± 5.45 months. Two patients had ocular
trauma, and one patient had secondary glaucoma that
was controlled with four antiglaucoma eye drops. The
mean axial length was 24.44 ± 1.04 mm (Table 1).
The average operative time for IOL repositioning

was 27.88 ± 10.22 minutes. The patients’ uncorrected
visual acuity improved, pre 20/286 Snellen (1.36 ±
0.48 logarithm of the minimum angle of resolution
[logMAR] equivalent) to post 20/87 Snellen (0.66 ±
0.13 logMAR equivalent; P , 0.05), equal to 35 Early
Treatment Diabetic Retinopathy Study letters.
Throughout the follow-up period, the glaucoma patient
maintained his IOP with four topical antiglaucoma
medications. In addition, one case had transient cor-
neal edema that subsided with one-week topical pred-
nisolone use, whereas another case experienced
pupillary capture of IOL optic one week after the re-
positioning surgery; this was successfully treated with
pupillary dilation and supine positioning. No other
complications were recorded intraoperatively or
postoperatively.
The spherical refraction improved from +10.25 ±

2.21 D at baseline to 20.81 ± 1.59 D at the last
follow-up time (P , 0.05), whereas the best-
corrected visual acuity (pre 20/43 Snellen, 0.42 ±
0.33 logMAR equivalent and post 20/36 Snellen,
0.31 ± 0.22 logMAR equivalent; P = 0.235), IOP
(pre 13.8 ± 3.21 mmHg, post 13.55 ± 5.14 mmHg;
P = 0.181), corneal endothelial density (pre 2,423.8 ±
279.6/mm2, post 2,280.25 ± 350.7/mm2; P = 0.212),
and total astigmatism (pre21.94 ± 0.43 D, post21.69
± 0.59 D; P = 0.353) remained unchanged (Table 2).
The IOL was well positioned at the last follow-up time
(see Figure 2A, Supplemental Digital Content 2,
http://links.lww.com/IAE/B252, Table 3). The average
horizontal and vertical IOL tilt was 0.32 ± 0.22° and 0.
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81 ± 0.38°, respectively. IOL decentration was 0.10 ±
0.03 mm horizontally and 0.13 ± 0.06 mm vertically.
Ultrasound biomicroscopy confirmed that the
haptics were well positioned in the sclera (see Figures
2B and 2C, Supplemental Digital Contents 2,
http://links.lww.com/IAE/B252).

Discussion

We describe a modified surgical technique for the
treatment of dislocated single-piece PMMA IOLs. The
procedure is efficacious with reduced incision size,
intraocular maneuvers, and less surgical trauma. At the
6-month follow-up, all patients had a quiet , with no
increase in baseline IOP, and the IOLs were well
positioned.
Management of the posteriorly dislocated IOL was

first described by Stark et al,5 and since then, many
surgical techniques have been proposed. The current
surgical technique has several advantages. First, it re-
quires a small surgical incision (#1 mm) consisting of

a limbal side port and a 23 G scleral incision. Whereas
with other techniques, the IOL extraction or haptic
externalization requires a larger incision.6 The disad-
vantage of large incisions include increased surgical
astigmatism,7 endothelial cell loss, and intraocular tis-
sue prolapse.8 In our cases, the mean corneal astigma-
tism did not change significantly after the procedure,
and the average corneal endothelium cell loss was
approximately 9.17%.
Second, we adopted intrascleral fixation. This

technique was proposed by Gabor SG and others,9

whereas Agarwal introduced a similar surgical proce-
dure, the glued IOL.10 Both techniques demonstrated
safety and have gained global popularity. A well-
recognized advantage of this present technique is opti-
mal IOL positioning.11 During surgery, the IOL posi-
tion could be adjusted by pulling the two haptics out or
inserting them into the scleral tunnels. Thus, the IOL
position is determined by the two intrascleral haptic
fragments along a plane, rather than the two suture
points used in the traditional scleral suture fixation
technique. In geometry, two points determine a line,

Fig. 1. Surgical steps. A. After
vitreous removal, the haptic
floating in the vitreous was
released from traction. B. Using
a 500 mm accurate depth knife
(BD atomic Edge, Dickinson
and Company, Franklin Lakes,
NJ), two 5 mm long grooves,
3 mm from and parallel to the
limbus were made in the nasal
and temporal sclera. C and D.
Both haptics were externalized
through the 23 G scleral incision
under the flap with two vitreous
forceps using the hand-shaking
technique. E. With a banded 25
G needle, two scleral tunnels
were made under the other end
of the flap, parallel to the limbus.
F. Both haptics were placed into
scleral tunnels, and care was
taken to achieve IOL centration.
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and a minimum of three points determine a plane.
Scharioth et al12 and Teichmann13 had suggested that
incarcerating a longer part of the haptic should stabi-
lize the axial position of the posterior chamber IOL
and decrease the incidence of IOL tilt. Our results also
support the theory. The scleral suture fixation tech-
nique of IOL or haptics externalization with encircling
suture placement is a more complex surgical maneu-
ver. Technically, intrascleral fixation is less time
demanding, and the average surgical time (27.8 mi-
nutes) supports the efficiency of the modified
technique.
We used intrascleral fixation for single-piece, rigid

PMMA IOL dislocation in contrast to the previously
reported three-piece IOL procedures. Therefore, spe-
cific techniques were modified. First, we externalized
the haptics through the scleral incision and then
inserted it in the scleral tunnel, which was 3-4 mm
away from the externalization incision. In the labora-
tory, we also used single-piece, rigid PMMA IOLs
(EZE-55, Bausch & Lomb, Rochester, NY) for testing
this step, during which the haptic tip was bent slightly.
However, bending the very tip of the haptic increased
the chances of haptic fracture (see Video, Supplemen-
tal Digital Content 3, http://links.lww.com/IAE/B253).
Therefore, we modified the scleral tunnel placement
3-4 mm away from the haptic externalization incision.
Maher Saleh et al14 reported such haptic breakage of
three-piece IOLs during intrascleral implantation. Thus,
haptic externalization and its insertion into the scleral
tunnel require caution. Alternatively, the haptics can be

placed under the flap and fixed with a proline suture,
but suture-related complications may arise. In this
study, we used absorbable 8-0 sutures; thus, no
suture-related complications (erosion and exposure)
occurred. The suture is absorbed within 56 to 70 days15;
by then, the scleral flap and tunnel scars could hold the
haptics in place. This was supported by the stable IOL
positioning found by UBM during follow-up. In our
cases, the position of the IOL was stable during the
follow-up (all P . 0.05, see Table 3, Supplemental
Digital Content 4, http://links.lww.com/IAE/B254).
Thus, spontaneous IOL dislocation that commonly hap-
pens within the first month of intrascleral fixation12

could be reduced by the modified suturing technique.
On the other hand, complications such as conjunctival
erosion and haptic exposures are reported with intra-
scleral fixation of three-piece IOLs. To reduce such
complications, we used a 500 mm accurate depth knife
to achieve a scleral flap of appropriate thickness and the
combination of scleral flap and tunnel.
Many one-piece PMMA IOLs have almost identical

designs; hence, we are unable to comment on the exact
type of PMMA IOLs in our cases. However, because
these IOLs are made of the same material and have
a similar design, the technique described here may be
generalized to most patients with dislocated single-
piece PMMA IOLs. We also used this technique to
reposition single-piece, rigid PMMA IOLs with eye-
lets (Alcon CZ70BD). With this technique, although
the primary results were good, only one case has data
with follow-up longer than 6 months. Therefore, more

Table 1. Individual Patient Characteristics

Patient
Age,
years Gender Laterality

Axial
Length, mm

IOL Implantation to
Repositioning, years

Follow-up Time,
months

Risk Factor for
Zonular Defect

Case 1 63 Male Left 23.48 10 6 Unknown
Case 2 41 Female Left 25.89 24 17 Trauma
Case 3 36 Male Left 24.00 17 18 Trauma
Case 4 52 Male Right 24.38 5 13 Unknown

Table 2. Comparison of Ocular Parameters Before Surgery and at the Last Follow-up Time After Surgery

Case

BCVA (Snellen) BCVA (LogMAR) Refraction (D) IOP (mmHg) ECD (Cells/mm2)

Pre Post Pre Post Pre Post Pre Post Pre Post

1 20/22 20/20 0.05 0 +9.75 DS 21.250 DS 15 11.4 2,145 2,146
21.50 DC*75 21.75 DC*85

2 20/40 20/40 0.3 0.3 +8.75 DS 22.75 DS 17.1 21.0 2,732 2,794
21.75 DC*80 21.25DC*80

3 20/133 20/50 0.8 0.4 +13.5 DS 1.0 DS 9.5 9.3 2,584 2,177
22.00*85 DC 21.25 DC*80

4 20/67 20/67 0.5 0.5 +9.00 DS 20.25 DS 13.6 12.5 2,234 2,004
22.50 DC*10 22.50 DC*25

BCVA, best-corrected visual acuity; D, diopters; DS, diopter sphere; DC, diopter cylinder; ECD, endothelial cell density.
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cases and a longer follow-up period are required to
determine if this technique could be used for IOLs
with eyelets. Overall, the modified intrascleral fixation
technique shows encouraging midterm results in
patients with a dislocated single-piece, rigid PMMA
IOL. However, larger samples and longer follow-up
are required to confirm the outcomes of this technique.

Key words: dislocated IOL, IOL repositioning, in-
trascleral fixation, single-piece PMMA IOL.
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Table 3. Parameters of Intraocular Lens Position at the Last Follow-up Time

Case H-IOL Decentration, mm V-IOL Decentration, mm H-IOL Tilt, Degree V-IOL Tilt, Degree

1 0.1 0.05 0.0753 0.029
2 0.1069 0.1604 0.3774 0.8059
3 0.1444 0.1039 0.59 0.4494
4 0.0607 0.1974 0.2563 0.2346

H, horizontal; V, vertical.
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Scan code to view VIDEO

Surgical Technique Edited by George A. Williams

Glycerin-Assisted Vitreoretinal Surgery in
Edematous Cornea

Purpose: To describe the use of glycerin in improving media clarity in cases with
edematous cornea.

Methods: Retrospective case series including patients with posterior segment pathol-
ogies needing surgical invention and having corneal edema. Each case was studied for the
role of topical application of glycerin instead of viscoelastic agents and the course of
surgery. The cases were followed up for minimum 3 months duration.

Results: Six cases with corneal edema having posterior segment pathology underwent
surgery with intraoperative topical application of glycerin. The corneal edema was seen to
clear with progression of surgery and was maintained until the end of surgery. Procedures
such as vitreoretinal surgery, identification of break, internal limiting membrane peeling,
intraocular lens explantation, scleral indentation, Descemet stripping endothelial kerato-
plasty graft removal, and subretinal band removal could be performed in these cases.

Conclusion: Intraoperative glycerin use during vitreoretinal surgeries is helpful in
improving the corneal clarity and maintaining it till the end of surgery.

RETINA 43:1024–1030, 2023

Visualization is one of the key factors to proceed
with vitreoretinal surgery (VRSx). Lens and corneal

clarity are important in this concern. Although lenticular
involvement is easier to handle with planned or intraoper-
ative cataract extraction, corneal involvement is a matter of
concern. Corneal edema is one of the common factors and
may be the result of previous surgery, poor endothelial
count, inflammation, trauma, or corneal graft failure. It can
impair the intraoperative view during VRSx, creating dif-
ficulty in surgery and increasing the chances of intraoper-
ative complications. Various management options have its
own set of problems and may hamper visual prognosis in

long-term. Corneal edema is seen to be responsive to
hyperosmolarity agents such as glycerin. Although few
studies have demonstrated the efficacy of different strength
of glycerol, none of the studies have evaluated the role of
hyperosmotic agents intraoperatively.1–5

In this article, we describe a novel technique of
using glycerin solution as a coupling agent during
VRSx in eyes with corneal edema.

Methods

This is a retrospective record review of consecutive
cases with posterior segment pathologies needing
surgical intervention and having corneal edema
causing difficult posterior segment visualization at
a tertiary eye care center in North India over a period
of 24 months (January 2017 to December 2018). The
study is in accordance with the tenets of the
Declaration of Helsinki and institutional guidelines
for research. Informed consent was obtained from all
the patients.

Surgical Technique

All eyes underwent 25-gauge pars plana vitrectomy
(PPV) using constellation vision system (Alcon Inc., Fort
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Table 1. Characteristic of Each Case, Maneuvers Performed, and Follow-up

Case
No. Age/Sex

Previous
Surgery Cornea Status

Anterior
Segment

Posterior
Segment Surgery Maneuvers

Postoperative
Retina Status
(3rd month)

Further
Management

1 60, Y/M LE complicated
cataract
surgery

Corneal
decompensation

Aphakia Posteriorly
dislocated
IOL

PPV with IOL
explantation

PPV, IOL
explantation,
and scleral
indentation

Retina attached Referred for
optical PK
with scleral
fixated IOL

2 60, Y/M RE complicated
cataract
surgery

Corneal
decompensation

Aphakia Posteriorly
dislocated
IOL

PPV with IOL
explantation

PPV, IOL
explantation,
and scleral
indentation

Retina attached Referred for
keratoplasty
with scleral
fixated IOL

3 40, Y/M RE operated PK
with cataract
surgery with
IOL; RE
resuturing of
posttraumatic
graft
dehiscence
with IOL
explantation

Failed graft Aphakia and
temporal
peripheral
anterior
synechiae

Inferior RRD VRSx PPV, break
identified, and
laser barrage

Retina attached Referred for
keratoplasty

4 75, Y/F RE operated
aphakia with
DSEK

Corneal
decompensation

Pseudophakia Posteriorly
dislocated
DSEK
lenticule with
CD

PPV with
DSEK
lenticule
removal

PPV, DSEK
lenticule
removal, and
scleral
indentation

Retina attached Underwent
DSEK surgery

5 80, Y/M RE cataract
surgery;
history of
trauma

Corneal
decompensation

Aphakia Posteriorly
dislocated
IOL with RRD
with CD

VRSx PPV, choroidal
drainage, IOL
explant, break
identified, ILM
peeling, laser,
and silicone
oil injection

Retina attached Silicone oil
removal at 3
months.

Referred for
corneal
management

6 61, Y/M LE operated PK Failed graft Aphakia Total RRD VRSx PPV, subretinal
bands
removal,
scleral
indentation,
laser, and
silicone oil
injection

Retina attached Silicone oil
removal at 3
months.

Referred for
corneal
management

LE, left eye; PK, penetrating keratoplasty; RE, right eye.
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Worth, TX) under peribulbar anesthesia. After scleroto-
mies were made and infusion was started, the corneal
epithelium was debrided using a blunt cotton-tipped
instrument. A wide-angle contact viewing system (Mini
Quad XL, Volk Inc, United Kingdom) was used in all
the surgeries. Instead of a viscoelastic agent (methyl
cellulose), 50% glycerin was used as a coupling agent.
The retinal view gradually improved in all cases over
a period of 3 to 5 minutes, and required steps of posterior
segment surgery were performed in each case depending
on the pathology. A bandage contact lens was placed on
the cornea at the end of surgery. Postoperatively the
patients were prescribed topical antibiotic, steroid, and
mydriatic-cycloplegic drugs. The patients were followed
at day one, 1 week, 1 month, and 3 months after surgery.

Results

Six cases having corneal edema with posterior
segment involvement were included in the study.
The individual cases are described in detail below
(Table 1). Four cases had corneal decompensation
while two had a failed graft. Five cases were aphakic
while one case was pseudophakic.
Case 1 and 2 had corneal decompensation with

posterior dislocated intraocular lens (IOL) for which
they underwent glycerin-assisted PPV with IOL explan-
tation. The corneal edema led to hazy visualization of the
posterior segment (Figure 1, A and B). The use of glyc-

erin resulted in improvement of corneal clarity as the
surgery proceeded and better visualization of the poste-
rior segment (Figure 1, C and D). Core vitrectomy,
triamcinolone-assisted posterior vitreous detachment
induction, peripheral vitrectomy, and IOL explantation
were performed. Scleral depression allowed us to screen
for peripheral breaks.
Case 3 had a failed graft, aphakia, and inferior

rhegmatogenous retinal detachment (RRD) involving
the macula (Figure 2, A and B). After informed consent
the patient underwent glycerin-aided VRSx. After vit-
rectomy, an inferior retinal break was noticed. Fluid–air
exchange (FAX) following retinotomy, interface vit-
rectomy, and laser of break, retinotomy, and 360-degree
barrage were performed (Figure 2, B–E). Two milli-
liters of 100% sulfur hexafluoride was injected in the
end. The clarity of cornea had significantly improved by
the end of surgery (Figure 2F).
Case 4 had corneal decompensation with aphakia,

posteriorly dislocated Descemet stripping endothelial
keratoplasty (DSEK) lenticule, and choroidal detachment
(CD). She underwent glycerin-aided PPV where posterior
segment visualization was initially hazy but had improved
during the surgery (Figure 3, A–D). The DSEK lenticule
was cut and aspirated with a vitrectomy cutter after vit-
rectomy (Figure 3B). The patient was subsequently
referred back for further management of the cornea.
Case 5 had corneal decompensation with dislocated

IOL, RRD, and CD (Figure 4, A and B). The patient
underwent glycerin-aided PPV, with choroidal

Fig. 1. A 60-year-old man had
left eye corneal decompensation
with aphakia and posteriorly
dislocated IOL. The corneal
edema (A) led to hazy visuali-
zation of the posterior segment
(B). The epithelium was de-
brided, and glycerin was used
instead of a usual viscoelastic
agent leading to improvement in
corneal clarity and posterior
segment visualization (C and D).
Core vitrectomy and posterior
vitreous detachment induction
were performed. Superotemporal
entangled IOL was freed and
removed through corneal
incision.
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drainage performed in the superotemporal area and
IOL explanted through a corneal incision after limited
anterior vitrectomy. After core and peripheral vitrec-
tomy, an inferior break was identified (Figure 4, B and
C). The internal limiting membrane (ILM) was stained
with brilliant blue G and peeled using ILM forceps
(Figure 4D). Retinotomy, FAX, and laser were per-
formed (Figure 4E). Silicone oil was injected, and
ports were closed. The cornea was remarkably clear
at the end of surgery (Figure 4F).
Case 6 had a failed graft, aphakia, and total RRD.

The cornea was hazy leading to difficulty in visuali-
zation of the posterior segment. The patient underwent
glycerin-aided PPV where the corneal clarity
improved as surgery proceeded. After core and

peripheral vitrectomy, multiple subretinal bands were
seen which were removed. On scleral depression, an
inferotemporal break was noted. Retinotomy, FAX,
and laser photocoagulation were performed. The
cornea was significantly clear at the end of surgery.
Silicone oil was injected, which was removed after 3
months, and patient was referred for management
of the cornea (see Video 1, Supplemental Digital
Content 1, http://links.lww.com/IAE/B267).

Discussion

Corneal clarity is of utmost importance for any
VRSx. Corneal edema is one of the most common

Fig. 2. A 40-year-old man with
right eye optical penetrating
keratoplasty with edematous
cornea, aphakia, and inferior
retinal detachment (A). Glycerin
was applied topically after epi-
thelial debridement. Core and
peripheral vitrectomy were per-
formed (B). An inferior retinal
break was identified. After reti-
notomy, FAX and interface vit-
rectomy were performed (C and
D). Break, retinotomy was la-
sered, and 360-degree laser bar-
rage was performed (E). The
clarity of cornea had signifi-
cantly improved by the end of
surgery (F).
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causes affecting it and can result from complicated
surgeries, poor endothelial function, inflammation, or
trauma. The presence of posterior segment pathologies
requiring surgical intervention in such cases is chal-
lenging to manage. Management options include
stabilization of cornea medically, keratoplasty fol-
lowed by VRSx, temporary keratoprosthesis–assisted
posterior segment surgery, or endoscopy-assisted
VRSx. The selection of appropriate management de-
pends on the urgency of posterior segment surgery,
prognosis, and the availability of a corneal graft.
Medical treatment using hyperosmolar agents, corti-

costeroids, decreasing intraocular pressure, and kerato-
plasty procedures, such as DSAEK, requires time for
a graft to clear, which may adversely affect the
prognosis of vitreoretinal cases. Open sky vitrectomy,
followed by graft placement was performed in the early
era but was associated with multiple complications.
Vitreoretinal surgery through a new graft also possesses
challenges difficult to handle. The graft is rarely
completely clear immediately after surgery, and manip-
ulation of the globe during surgery especially passage
of band or buckle, cryotherapy, or indentation to check
for peripheral breaks may cause breakage of sutures.
Also, they may not be able to sustain a high intraocular
pressure used to stop intraocular bleeding. Performing

peripheral vitrectomy and laser is difficult because of
donor–host corneal junction, peripheral sutures, and
corneal haze. The refractive error due to sutures could
also lead to disturbances in the visualization. Also,
performing VRSx within months of keratoplasty is
associated with a high risk of graft failure. The surgical
trauma, inflammation, and silicone oil–induced damage
are the important related factors.6

Keratoprosthesis allows better visualization of the
posterior segment, is easy to use, and provides good
stereopsis but requires the availability of corneal tissue
and a corneal surgeon. It is associated with complica-
tions, such as poor visual acuity, graft failure, pro-
liferative vitreoretinopathy, and secondary glaucoma.
Also, visualization of periphery is limited and requires
scleral indentation for the same. The prismatic effect
produced by the cylinder of lens, prolonged surgery,
and the risk of graft failure are other limitations.7,8

Endoscopy allows visualization of the posterior seg-
ment in cases with poor media. Its flexible probe al-
lows for variable perspective, increased visualization
up to anterior zonules, high magnification for better
identification of retinal details, and safer globe manip-
ulation. This makes the modality efficacious and safe
but do have disadvantages, such as steep learning
curve, absence of stereopsis, limited field of view,

Fig. 3. A 75-year-old woman
had right eye edematous cornea
with aphakia, a posteriorly dis-
located DSEK graft, and CD.
The epithelium was debrided
and glycerin was applied topi-
cally (A). The posterior segment
visualization was initially hazy
but improved during surgery (B–
D). The DSEK lenticule was cut
and aspirated with a vitrectomy
cutter (C) after complete core
and peripheral vitrectomy.
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inability to perform bimanual surgeries, and a high
cost of system.9,10

Hyperosmolar agents, such as glycerin, are seen to be
useful in corneal edema because of its osmotic effect.
Clearing occurs within 30 to 40 seconds and lasts over
several minutes. As it can cause irritation, application is
advised after topical anesthesia.11 It helps to improve
corneal clarity in angle closure glaucoma for examina-
tion and performing peripheral iridotomy. Few studies
have demonstrated the efficacy of different solution
strength of glycerol.1–5 Fifty percent glycerol solution
was found to be most effective.3,4 The application of
glycerin over the cornea after epithelium debridement
improved the cornea clarity significantly and allowed
for posterior segment visualization. In our series, vari-
ous procedures such as vitrectomy, posterior vitreous
detachment induction, identification of breaks, IOL
explant, DSEK graft removal, peripheral visualization
using scleral indentation, ILM removal, subretinal band

removal, and laser photocoagulation could be per-
formed easily. No irritation was noted in any of the
cases as the surgeries were performed under peribulbar
anesthesia. Postoperatively the epithelial healing was
complete in 3 to 5 days in all cases. Other subtle impor-
tant steps to be considered during surgery include the
placement of a wide-angle contact system without any
undue pressure to prevent interference due to corneal
striae. Keeping infusion pressure on the lower side pre-
vents an increase in corneal edema.
Glycerin-assisted surgery allows vitrectomy and

associated complex procedures without any extra cost
or equipment. It has an effective action in a short
period of time and does not depend on the availability
of a corneal surgeon; thus, preventing any delay in the
treatment of posterior segment pathology. Procuring
cornea tissue is a major limiting factor in many
developing nations, and optimum utilization of the
available tissue is thus very important. This technique

Fig. 4. An 80-year-old man had
right eye corneal decompensa-
tion with dislocated IOL, retinal
detachment, and CD (A). After
choroidal drainage, limited
anterior vitrectomy, and IOL
explantation, corneal wound was
closed. Core vitrectomy and
peripheral vitrectomy were per-
formed, and an inferior break
was identified (B and C). The
ILM was stained with brilliant
blue G and peeled using ILM
forceps (D). Retinotomy, FAX,
and laser were performed (E).
Silicone oil was injected at the
end. The cornea was remarkably
clear at the end of surgery (F).

SURGICAL TECHNIQUE 1029

Copyright © by Ophthalmic Communications Society, Inc. Unauthorized reproduction of this article is prohibited.

D
ow

nloaded from
 http://journals.lw

w
.com

/retinajournal by 3X
vZ

oI68w
pkpurjW

IX
oboeIze1W

iO
bzeG

ru6hK
gsV

qK
il08K

rD
crLZ

joaJV
S

fQ
D

K
B

G
2kbw

6M
9JjN

S
U

11czF
U

N
X

+
u0V

m
/pktX

Q
+

M
G

tG
2Y

/jD
m

B
gI8D

X
V

R
lY

Y
aaY

7V
Q

hdC
lyLS

0iC
u+

JA
=

 on
06/06/2023



allows for posterior segment management first, and
then the anterior segment surgery can be performed
later after stabilization. This reduces the risk of graft
failure and may prevent wastage of tissue. The hyper-
osmolar agents used as topical drops does act through
the epithelium and decrease the amount of corneal
edema. In our cases, the epithelial removal gives some
amount of added clarity, and postoperative epithelial-
ization have occurred within a week in all cases.
Hence, we have not tried this technique without
epithelial removal. A contact widefield viewing sys-
tem is used for surgery at our center. However, with
intermittent use of glycerin on the cornea in the
noncontact system, a similar grade of corneal clarity
should be obtained. This technique may not be useful
in cases where significant stromal scarring is present. It
also requires experience on the part of the surgeon.
To conclude, intraoperative use of glycerin in cases

with edematous cornea having posterior segment
pathology is a simple and cost-effective method.

Key words: coupling agent, decompensated cornea,
glycerin, visualization, vitreoretinal surgery.
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Scan code to view VIDEO

Surgical Technique Edited by George A. Williams

Flapless Intrascleral Knotting Technique for
Suture Fixation of Intraocular Implants

Purpose: We will describe a flapless/grooveless/pocketless and minimally invasive
technique for scleral suture fixation of intraocular implants.

Methods: After introducing the suture into the eye, the two ends of the suture were left
exterior to the globe, the free end and the end connected to a curved needle (the needle
side). A back-and-forth intrascleral suture passage was performed with the aid of a curved
needle. The suture was thus supported by adequate scleral tissue. The suture was fixated
to the sclera by knotting it into the sclerotomy. The ends of the suture were finally anchored
intrasclerally with the aid of a 30-gauge needle.

Results: The technique was used in 15 eyes of 15 patients. The mean postoperative
follow-up period was 9.1 ± 4.6 months. Postoperatively, the intraoperative lenses of all the
eyes remained well-positioned and stable. The postoperative visual acuities for all of the
eyes were also improved. No suture erosion, suture loosening, hypotony, scleral atrophy,
chronic inflammation, retinal tears, and/or detachments were observed within the follow-up
period.

Conclusion: The present technique provides minimal surgical invasion for the scleral
suture fixation of intraocular implants.

RETINA 43:1031–1034, 2023

Scleral suture fixation is an important surgical tech-
nique for the fixation of various intraocular

implants, including posterior chamber intraocular
lenses (IOLs), artificial iris prostheses, capsular tension
rings or segments, capsular anchors, and dislocated in-
the-bag or out-of-the bag IOLs.1–9 In the most com-
mon scleral suture fixation techniques (knotting tech-
nique), the suture is secured by tying a knot on the
scleral bed. The suture ends and knot are covered by
the lamellar scleral tissue to prevent its exposure and
late postoperative erosion.1–5 The creation of large

conjunctival openings and scleral flaps, grooves, or
pockets are traumatic and time consuming, often re-
sulting in scarring of conjunctiva and sclera and may,
therefore, be disadvantageous to potential future sur-
gical procedures. We present a technique that can
anchor the fixation sutures and knots intrasclerally
under small sutureless conjunctival incisions without
the need to create scleral flaps/grooves/pockets.

Surgical Technique

Surgeries were performed under retrobulbar anesthesia
by one of the authors (H.J.). The supplemental video (see
Video, Supplement Digital Content 1, http://links.lww.
com/IAE/B271) and Figure 1 demonstrate the proce-
dures. A twin-armed single 8-0 polypropylene suture
(Prolene, Polypropylene Suture; Ethicon, Johnson &
Johnson, New Brunswick, NJ) was cut at its middle.
The suture was introduced into the eye from the fixation
site through a suture-in-needle technique or by an intra-
ocular looping technique advocated in our previous pub-
lication.10,11 The two ends of the suture were left exterior
to the eye; the end connected to a curved needle (the
needle side) and a free side. The suture inside the eye

From the *Department of Ophthalmology, Shanghai Tenth Peo-
ple’s Hospital Affiliated to Shanghai Tongji University, School of
Medicine, Shanghai, China; and †Department of Ophthalmology,
Xinhua Hospital Affiliated to Shanghai Jiaotong University School
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was fixated to the implants. For open loop IOLs, a cow
hitch technique was used to fixate the suture to the IOL
haptics.12 For dislocated closed loop IOLs or dislocated
IOL-capsular bag complexes, the suture was fixated to
the IOL haptics through an intraocular looping tech-
nique10 (Case 1 in the see Video, Supplement Digital
Content 1, http://links.lww.com/IAE/B271). For com-
pletely dislocated IOL/IOL-capsular bag complexes, a
25-gauge pars plana vitrectomy was performed to
retrieve the IOL. Two of the pars plana sclerotomies
were placed 180° apart about 1.5 mm posterior to the
limbus. The two sclerotomies were designed as the fix-
ation sites (Case 2 in the Supplement Digital Content 1
[see Video, http://links.lww.com/IAE/B271]). After
externalizing the two ends of the suture, the needle side
of the external suture was held by a needle holder and
was started with an intrascleral pass from the sclerotomy
to the adjacent transscleral penetration site, parallel to the
limbus. The needle was pulled out transconjunctivally.

The needle was then started with an intrascleral pass in
an opposite direction and was externalized from the start-
ing sclerotomy of the fixation site. The suture was thus
supported by adequate scleral tissue within the back-and-
forth suture passages. The same manipulations were per-
formed for the opposite side. After adjusting the suture
tensions on both sides for the position of the intraocular
implant, the two ends of the suture were separately tied
for definitive knotting fixation (the fixation knot) into the
sclerotomy. Another overhand knot (anchor knot) was
created approximately 2 mm to 3 mm from the first
fixation knot. A 30-gauge needle was bent for appropri-
ate curvature. The free end of the suture was then in-
serted into the lumen of the 30-gauge needle from its tip.
The needle was then started with an intrascleral pass
from the sclerotomy to the adjacent sclera. When the
tip of the 30-gauge needle externalized from the sclera,
the end of the suture in the needle tip was pulled out and
was then further pulled to lead the ends of the suture and

Fig. 1. Schematic figure of the
intrascleral knotting technique
for the fixation of intraocular
implants. A and B. Introducing
the suture into the globe through
a suture in needle technique,
leaving the free end (red) and the
end connected to a curved nee-
dle (blue) exterior to the eye. C.
Perform the intrascleral pass of
the suture from the sclerotomy to
the adjacent sclera with the aid
of a connected curved needle. D.
Perform the back intrascleral
pass to externalize the suture
from the sclerotomy. E. The
suture is supported by the scleral
tissue within the back-and-forth
passages of the suture (1). F.
Fixate the suture by knotting the
two ends of the suture into the
sclerotomy (2). Create another
knot approximately 2 mm to
3 mm from the first fixation knot
(3). G. Perform the intrascleral
pass of the free end of the suture
from the sclerotomy to the
adjacent sclera with the end of a
30-gauge needle. After further
pulling the externalized end of
the suture, the anchor knot and
the two ends of the suture are
anchored into the needle track.
H. After cutting the two exterior
ends (4 and 5) of the suture flush
to the sclera, all parts of the
suture are anchored into the
sclera.
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the anchor knot entering into the intrascleral tunnel. The
external ends of the sutures were finally cut by scissors
flush to the sclera. In cases where the length between the
two knots was longer than the needle track, which could
result in the anchor knot being pulled from the scleral
tunnel, the anchor knot was cut off, leaving the two ends
of the suture anchored intrasclerally (Case 2 in the Sup-
plement Digital Content 1 [see Video, http://links.lww.
com/IAE/B271]). The small conjunctival incisions were
left sutureless or were closed with one stich of 10-0 nylon
suture. The technique can also be performed using a
single-armed double polypropylene suture. After exter-
nalizing the needle, either end of the suture was cut off
from the needle, resulting in the same situation as the
needle side and a free end. The following procedures
were identical as previously described.

Results

The technique was used in 15 eyes of 15 patients,
including six cases of out-of-the bag IOL dislocations,
five cases of dislocated IOL-capsular bag complexes
and four cases of secondary IOL implantations. No
complications were observed except for a transient mild
ciliary hemorrhage in two eyes during needle penetra-
tion. In all of the patients, the IOLs were well-
positioned after a mean follow-up time of 9.1 ± 4.6
months (range 3–18 months). The preoperative loga-
rithm of the minimum angle of resolution visual acuity
was 0.96 ± 0.16 (Snellen 20/183). The logarithm of the
minimum angle of resolution visual acuity at the final
follow-up was 0.32 ± 0.13 (Snellen 20/42). At final
examination, there was no evidence of suture erosion,
suture loosening, scleral atrophy, chronic inflammation,
retinal tear, and/or detachment in any of these patients.

Discussion

Although various modifications of intrascleral haptic
fixations for three-piece IOLs have been recently
advocated, scleral suture fixation is still an important
technique for the fixation of various intraocular implants.
Besides in the fixation of a three-piece IOL, suture
fixation has wide application in different types of IOLs,
modified capsular tension rings/segments, capsular
anchor and dislocated IOL-capsular bag complexes,
etc. Most suturing techniques involve large conjunctival
openings and scleral flaps/grooves/pockets to bury the
knots and suture ends to prevent exposure, which are
surgically traumatic. There are mainly three types of
flapless technique for scleral suture fixations including Z-
sutures, friction knot techniques, and modified overhand
friction knot techniques.10,13,14 All of these methods use

friction to secure the fixation; however, each technique
has its limitations. The Z-suture requires a wide conjunc-
tival opening (3–4 mm) to expose the sclera and repeated
zigzagging of the intrascleral suture in five turns. The
friction knot technique stabilizes the suture by anchoring
a lumpy knot in the needle track and does not require a
wide conjunctival dissection. The sliding knot was cre-
ated by a single thread. The tension of the fixation suture
relies on the position of the knot on the suture and its
position incarcerated in the sclera. Once the knot enters
the scleral tunnel, it is difficult to adjust the position of
the intrasclerally fixated knot, and the tension of the
suture, because of the distinct frictional force. Therefore,
it is difficult to adjust the position of the intraocular
implants. The technique has been modified by us to an
overhand friction knot technique.10 Although the posi-
tion of the knot on the suture can be well controlled by
this modification, poor adjustability of the suture tensions
remains a problem. To avoid these limitations, we
advocate an intrascleral suture knotting fixation tech-
nique to anchor the knots and suture ends intrasclerally
with minimal surgical invasion. The technique described
in this study has several advantages. First, unlike the Z-
suture technique and friction knot techniques, the fixa-
tion of the present technique is not secured by friction.
Fixation is secured using definitive knotting as the
widely used in knotting technique. Second, the suture is
supported by adequate scleral tissue within the back-and-
forth suture passage, which decreases the risk of scleral
dehiscence and late dislocation often occurring in the
conventional fixation technique. Third, the tension of the
suture can be finely adjusted before fastening the fixation
knot for good positioning of the intraocular implants.
Fourth, the technique is less traumatic because of its
minimal conjunctival openings and the avoidance of the
creation of scleral flaps/pockets/grooves. Minimal con-
junctival dissection is a particular strength of this method
and is especially appropriate for patients with glaucoma
and patients with severe scaring of the conjunctiva and
sclera due to ocular trauma or previous surgeries.
Moreover, the technique has a universal applicability for
the suture fixation of a variety of implants, including
different types of IOLs, IOL-capsular-bag complexes,
and capsular tension rings/segments.
A limitation of this study is its small sample size.

Nevertheless, our findings suggest that the present
technique is an effective alternative, flapless method for
the scleral suture fixation of intraocular implants. It
provides both reliable suture stability and minimal surgical
invasion. A study with a longer follow-up time and more
cases is required to confirm the long-term stability of this
method and compare it with other methods of fixation.
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Key words: intrascleral knotting technique, suture
fixation of intraocular implants, surgical technique.
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Scan code to view VIDEO

Surgical Technique Edited by George A. Williams

Flanged Sutureless Intrascleral Fixation of
Dislocated Hard 1-Piece Polymethyl Methacrylate
Intraocular Lenses

Purpose: To describe the vitreoretinal surgical technique and report the outcomes of our
method of sutureless flanged intrascleral haptic fixation of dislocated 1-piece polymethyl
methacrylate intraocular lenses with rigid haptics.

Methods: Ciliary sulcus–based scleral tunnels were created by placing valved 27-gauge (g)
trocar cannulas limbus parallel with conjunctival displacement. After complete vitrectomy, the
rigid haptics were then externalized using 27g forceps. Cautery was then used to form flanges
at the haptic tips. The haptics were then pushed back into the mouths of the scleral tunnels.

Results: Flanged intrascleral fixation was successfully achieved in eight eyes of seven
patients. The average age at the time of surgery was 75 ± 13.7 years, with a mean follow-up
of 17.9 ± 16.3 months (range 3–42 months). Intraocular lens dislocation/subluxation was
the most common indication for surgery. All patients fully recovered to their potential acuity
by their third postoperative visit. The most significant complication was erosion of one
haptic in one patient, which was successfully managed without requiring intraocular lens
exchange. There were no complications of subsequent dislocation, endophthalmitis, retinal
detachment, or uveitis–glaucoma–hyphema syndrome.

Conclusion: Flanged sutureless intrascleral fixation of dislocated 1-piece polymethyl
methacrylate intraocular lenses with rigid haptics can be safely and successfully performed,
avoiding the large wound creation accompanying intraocular lens exchange and the
disadvantages of suture-based techniques.

RETINA 43:1035–1038, 2023

Dislocated intraocular lenses (IOLs) present a
unique challenge with a variety of management

options for the vitreoretinal surgeon, including the
more recently described method of flanged sutureless
intrascleral haptic fixation.1,2 This technique has thus
far been successfully described primarily with newer
3-piece IOLs.1,2 If planning flanged sutureless intra-
scleral IOL fixation in cases where the dislocated IOL
is a hard 1-piece polymethyl methacrylate (PMMA)

IOL, creation of either a large sclerotomy or corneal
wound to remove the IOL and implant a 3-piece IOL
for haptic flanging has previously been necessary.
Wound creation, especially larger wounds, carries in-
traoperative and postoperative risks of wound leak,
anterior chamber collapse, suprachoroidal hemor-
rhage, iris prolapse, prolonged recovery, cystoid mac-
ular edema, and surgically induced astigmatism,
among other potential complications.
One-piece PMMA lenses were the first IOLs

implanted in human eyes. Although they are seldom
implanted today because of their rigidity and the size
of the wound required for implantation, there remains
a significant cohort of elderly patients with 1-piece
PMMA lenses. A subset of these experience late IOL
dislocation. A reliable method of scleral fixation of
these older lenses would be advantageous given their
rigidity and the wound required for their exchange
with a 3-piece IOL.
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We describe here the technique and results of 8
cases of flanged intrascleral fixation performed by the
senior author (M.K.W.) between 2016 and 2019, using
cautery to form a flange on the haptics in seven 1-piece
PMMA lenses with rigid haptics and one older 3-piece
silicone lens with clear rigid PMMA haptics.

Technique

The Supplemental Digital Content 1 (see Video 1,
http://links.lww.com/IAE/B279) demonstrates key
steps of the procedure with emphasis on externaliza-
tion and flanging of 1-piece PMMA IOL haptics. The
initial steps of the technique are similar to what was
described in 2017 as a modified flanged IOL fixation
technique using trocar-cannulas2 instead of Yamane
and colleagues1’ double needle haptic fixation. First,
three 25 gauge (g) valved cannulas are placed in an
oblique fashion so that the wounds are self-sealing
3 mm posterior to the limbus in the superotemporal,
superonasal, and inferotemporal quadrants. The 12 and
6 o’clock positions are then marked 14 mm apart,
generally resulting in a limbus-to-flange distance of
approximately 1.5 mm. Longer distances may pre-
clude proper externalization of the haptics. The ciliary
sulcus–based scleral tunnels are then created while
the globe is firm before attaching the infusion line by
placing valved 27g trocar-cannulas limbus parallel at a
�20° angle after conjunctival displacement. The infu-
sion line is then attached to the inferotemporal 25g
valved cannula. A complete vitrectomy is then per-
formed. The IOL is then elevated into the anterior
vitreous with a soft tip cannula and aspiration, grasped
with 25g broad-platform forceps (Grieshaber-Max-
Grip; Alcon, Fort Worth, TX), and then using the
vitreous cutter, it is cleaned of any capsular remnants
using active cutting and aspiration. One haptic is then
elevated into the iris plane, and the haptic tip is
grasped with 27g broad platform forceps (MaxGrip;
Alcon) placed through one of the 27g cannulas.
While still grasping the haptic tip, the 27g cannula is
slid up the shaft of the 27g forceps using 0.3 mm
toothed forceps, and, then, the 27g forceps still grasp-
ing the haptic tip is gently externalized along with the
haptic. The haptic tip is melted to form a flange,
detailed further below. The second haptic is then exter-
nalized using the same method except that this is typ-
ically performed posteriorly using the binocular
indirect ophthalmomicroscope (Oculus Surgical, Port
St. Lucie, FL) and light pipe for easier visualization.
One-piece IOL haptics that feature eyelets or notches
may be more challenging to externalize. In one
patient, externalizing a CZ70BD (Alcon) with eyelets

near the haptic tips required small conjunctival inci-
sions over the tunnels for better exposure for flanging
(see Video 2, Supplemental Digital Content 2,
http://links.lww.com/IAE/B280). Another lens fea-
tured a large notch midway through the inferior hap-
tic. Difficulty pushing the haptic back into the inferior
tunnel was overcome using a “pull-and-push” maneu-
ver using forceps to push externally and a Kuglen hook
to pull the IOL internally (see Video 3, Supplemental
Digital Content 3, http://links.lww.com/IAE/B281).
To form the flanges, the haptic is elevated off the

surface of the conjunctiva and the distal �1 mm melted
using a fine tip disposable cautery pen (Bovie High-
Temperature Cautery Fine Tip, Purchase, NY). This step
is performed several minutes after turning off supplemen-
tal oxygen to the patient’s nasal cannula to minimize the
risk of surgical field fire. The material of these 1-piece
rigid clear PMMA haptics responds differently to cautery
compared with the haptics of 3-piece IOLs (either flexible
blue PMMA or flexible polyvinylidene fluoride). Most of
these 1-piece PMMA lens haptics will not form bulbs,
instead forming flat-edged flanges. The goal is to form a
flange twice the diameter of the haptic with soft edges.
Flanges that are larger than this can lead to erosion
through the conjunctiva, whereas smaller flanges may
lead to retraction of the haptic posteriorly into the tun-
nel. Rarely, the haptic may disintegrate in response to
cautery, for which successful flanging requires lowering
the heat of the cautery and touching the cautery tip to
the haptic. In these cases, the haptic tip can then be
angled posteriorly to create an angled flange to reduce
the risk of exposure (see Video 4, Supplemental Dig-
ital Content 4, http://links.lww.com/IAE/B282). With
the IOL fixed, gentle 360 scleral depression is performed,
and acetylcholine chloride solution (Miochol-E; Novar-
tis, East Hanover, NJ) is then often injected into the
anterior chamber to constrict the pupil unless already
small. A superior peripheral iridotomy is performed to
reduce the risk of reverse pupillary block, and dila-
tion postoperatively is typically avoided to reduce the
risk of iris capture. If a sterile air bubble needs to be
injected posteriorly to maintain intraocular pressure,
then an air bubble is also placed in the anterior cham-
ber to help balance the posterior air bubble’s pressure
on the IOL.

Results

Flanged intrascleral fixation was successfully
achieved in eight eyes of seven patients. The mean
age was 75 ± 13.7 years. Patient characteristics and
outcomes are summarized in Table 1. Seven IOLs
were 1-piece PMMA lenses with rigid haptics and
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Table 1. Lists Baseline Characteristics, Intraoperative Features, Visual Outcomes, Complications, and Length of Follow-
up of 8 Cases of Flanged Rigid PMMA IOL Fixation Performed by the First Author (M.K.W.)

Patient Case
Age at Time of
Surgery (yr) Sex Eye Notable POHx Indication IOL Characteristics

1 1 76 M OS Attempted fixation with
nonflanged SST prior
with subsequent
dislocation. Also history
of repaired RD, ERM

Dislocation 1-piece PMMA, rigid
haptics, Pharmacia 720

2 2 84 M OS Glaucoma
suspect

Subluxation 1 piece PMMA, rigid
haptics, unknown make.

3 3 46 M OS Trauma requiring PPV/
Lensectomy.
Subsequent scleral
sutured IOL dislocated
because of breakage of
sutures.

Subluxation, lens drops
back when the
patient
lays supine

1 piece PMMA with eyelets
on rigid haptics,
CZ70BD (Alcon)

4 4 76 M OS Subluxed sulcus IOL
leading to UGH

UGH 3-piece silicone optic and
clear PMMA haptics.
Pharmacia 913A

5 5 74 OD ERM and glaucoma
suspect

Dislocation 1 piece PMMA, rigid
haptics, unknown make.

6 6 90 F OD Repaired RD and AMD Subluxation 1 piece PMMA, rigid
haptics, unknown make.

6 7 90 F OS Repaired RD and AMD Subluxation 1 piece PMMA, rigid
haptics, unknown make.

7 8 64 M OS ERM Dislocation 1 piece PMMA, rigid
haptics with prominent
notch midway on inferior
haptic, unknown make.

Patient Pre-op BCVA Post-op BCVA

Maximum
Time to Full Visual
Acuity Recovery

Intraoperative
Characteristics Complications Follow up Time

1 20/200 2 1 20/30 6 weeks Flat-edged flanges instead
of bulbs.

None. 42 months

2 20/100 20/20 4 weeks Haptics prone to
disintegration. Flanges
achieved by lowering the
cautery and touching the
haptic tips to angle them
posteriorly.

Limited intra-op
SCH and VH.

39 months

3 20/20 2 1
(supine VA: CF)

20/20 6 weeks Eyelet haptics required
conjunctival incisions to
pull haptic sufficiently
out of the tunnel to form
flange.

None. 12 months

4 20/25 2 2 20/25 + 1 with
resolution of
UGH

3 weeks Flat-edged flanges instead
of bulbs.

None, no
recurrence of
UGH.

12 months

5 CF 5 ft 20/20 6 weeks Flat-edged flanges instead
of bulbs.

None. 9 months

6 20/60 2 2 20/40 8 weeks Inferior flange was initially
large and scalloped,
required re-melting to
form smaller flange.

None. 9 months

6 20/100 20/60 2 2 6 weeks Flat-edged flanges instead
of bulbs.

Erosion of superior
haptic 2 weeks
post-op,
managed by re-
melting of both
tips to form
smaller flanges,
each covered
with cadaveric
sclera (Tutoplast).

7 months

7 20/150 2 1 20/40 4 weeks Required “pull-and-push”
maneuver to position
inferior haptic back into
the scleral tunnel.

None. 3 months

AMD, age-related macular degeneration; BCVA, best-corrected visual acuity; ERM, epiretinal membrane; OD, right eye; OS, left eye;
POHx, past ocular history; RD, retinal detachment; SST, Sutureless scleral tunnel; SCH, suprachoroidal hemorrhage; UGH, uveitis–
glaucoma–hyphema syndrome; VH, vitreous hemorrhage.
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one an older 3-piece silicone IOL with clear rigid
PMMA haptics. One lens was a CZ70BD with haptic
eyelets near the tips and another an older 1-piece IOL
with an inferior haptic notch. Indications for fixation
were IOL dislocation or subluxation in 7 cases and
uveitis–glaucoma–hyphema syndrome in one case.
The mean follow-up time was 17.9 ± 16.3 months
(range: 3–42 months). All patients fully recovered to
their potential acuity by their third postoperative visit,
which ranged from 3 to 8 weeks.
One patient 2 weeks postoperatively had erosion of

the superior haptic. Both haptic tips were remelted to
form smaller flanges that were also covered with
5 mm · 5 mm of cadaveric sclera (Tutoplast) to pre-
vent any risk of future erosion, with no further issues
at 7 months of follow-up.
Another patient developed a limited suprachoroidal

hemorrhage intraoperatively felt to be unrelated to the
nature of the IOL being fixated. This did not prevent
successful fixation intraoperatively nor full recovery
postoperatively.
No complications of subsequent dislocation, en-

dophthalmitis, retinal detachment, or uveitis–
glaucoma–hyphema syndrome have been encoun-
tered at the latest follow-up in any case.

Discussion

In 2017, Yamane et al1 described flanged intrascleral
fixation using 30g needles to create scleral tunnels and
cautery to form bulbs at the haptic ends to achieve more
secure haptic fixation compared with previous sutureless
scleral tunnel techniques. In 2017, the senior author of
this article described a modified version of Yamane et al’s
flanged intrascleral fixation using 27g trocar-cannulas for
scleral tunnel formation and the binocular indirect oph-
thalmomicroscope for externalization.2 This approach
bypasses the technical challenges of threading the haptic
through the needle lumen in the cramped anterior cham-
ber space, instead using forceps to directly pull the haptic
through the trocar-cannula created scleral tunnel with
most work being performed in the iris plane or more
posteriorly. This technique also allows for externalization
and flanging of the haptics individually, avoiding the
challenges of simultaneous externalization of both hap-
tics. Subsequent data and a force disinsertion study of the
3-piece acrylic MA60AC (Alcon) IOL suggested favor-
able outcomes and a more secure fixation compared with
previous unflanged sutureless scleral tunnel techniques.3

The successful application of 27g trocar-cannula
based flanged fixation to rigid 1-piece PMMA IOLs
is noteworthy given the inherently greater risks large
wound creation poses, which is necessary if planning to

exchange these rigid IOLs. In addition, flanged scleral
fixation of 1-piece PMMA IOLs may be preferable to
suture fixation of these IOLs because of well-described
suture-failure leading to late dislocation.4–7

It is interesting to note that older clear rigid PMMA
haptics react differently and less predictably to cautery
despite that the haptic material of newer 3-piece IOLs
often is also described as PMMA. The term PMMA
itself refers to a broad category of acrylic polymers,
and their differing behavior likely owe to additives or
differences in the polymer chemical structure.
To date, the senior author has performed this

technique in eight eyes with excellent outcomes, no
instances of dislocation, and one instance of erosion
successfully managed without requiring IOL
exchange. In our experience, older rigid clear PMMA
haptics tend to melt into a flat flanged configuration
rather than a bulb. This does not seem to affect the
stability of the fixation if the flange is of proper size.
Here, we have described flanged intrascleral fixation

of 1-piece PMMA IOLs with rigid haptics with the
advantage of avoiding the large wound creation
accompanying IOL exchange or suture failure leading
to IOL dislocation.

Key words: 1-piece PMMA intraocular lens,
flanged intraocular lens fixation, intraocular lens, intra-
ocular lens exchange, dislocation, haptic, sutureless
intrascleral fixation, modified Yamane IOL fixation,
one-piece rigid polymethyl methacrylate intraocular
lens, scleral IOL fixation.

MARK K. WALSH, MD, PHD*†
MARK T. WILLIAMS, MD*
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Scan code to view VIDEO

Surgical Technique Edited by George A. Williams

Scleral Suture Fixation of Dislocated Posterior
Chamber Intraocular Lens: Modification for
Tapered Haptics

Purpose: To present a surgical modification to a previously published technique that allows
repositioning and scleral fixation of one-piece acrylic intraocular lenses with tapered haptics.

Methods: A retrospective review of three consecutive cases.
Results: Our technique modification enables repositioning using scleral suture fixation of one-

piece intraocular lenses with tapered haptics by looping the haptic at its proximal, notched
junction to the optic with the polypropylene suture. The suture knot is internalized which effectively
suspends the intraocular lens and allows for better adjustment of the intraocular lens centration.
Two cases were endocapsular dislocations; the third case was dislocated extracapsularly due
through a posterior capsule rupture. All showed adequate lens centration at 3 months of follow-
up. One case had suffered a vitreous hemorrhage a month postoperatively that is clearing.

Conclusion: Repositioning using scleral fixation of one-piece intraocular lenses with
tapered haptics is possible with a minor technique modification. This offers an alternative to
intraocular lens exchange.

RETINA 43:1039–1042, 2023

Intraocular lens (IOL) dislocation or subluxation is
often managed surgically, especially when visually

symptomatic.1 Management approaches in the absence
of residual capsular support include scleral suture fix-
ation, intrascleral haptic (sutureless) fixation, and IOL
exchange for an anterior or posterior chamber
IOL (PCIOL) (using various techniques). One-piece
PCIOLs are not amenable to intrascleral haptic fixa-
tion. Originally described for one-piece polymethyl-
methacrylate (PMMA) IOLs and, subsequently, for
three-piece style IOLs with PMMA or polypropylene
haptics,2 scleral suture repositioning of one-piece
acrylic PCIOL that include a haptic design that is
thicker distal than it is proximal to the optic.3 This
technique has not been reported with one-piece acrylic

IOLs with tapered haptics (e.g., Tecnis AMO ZCB00
aspheric or Symfony style), for fear that the scleral
suture would slip off the tapered haptic end, resulting
in redislocation; hence, scleral suture techniques have
been avoided in favor of IOL exchange techniques.
However, IOL exchange techniques may require more
time, may result in more postoperative astigmatism,
and, most importantly, loss of corneal endothelial cells
sufficient to result in corneal decompensation. More-
over, IOL exchange is more complex if there has been
previous glaucoma shunts or corneal surgery.
Many one-piece acrylic IOL haptic designs include

a notch in the proximal portion of the haptic where it
junctures the optic. This notch is suitable for securely
looping with a scleral suture (Figure 1). This paper
describes our preliminary results with eyes with this
sort of PCIOL design repositioned with scleral suture
fixation modified to use this haptic design.

Surgical Technique

The technique is similar to previous reports.2,3 Focal
conjunctival peritomies are created in preparation of
triangular, limbal-based, partial thickness scleral flaps
located 180° apart, most conveniently at the 1:30 and
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7:30 meridians. A 23-gauge vitrectomy is performed.
The PCIOL is grasped using 23-gauge forceps. A 27 g
needle, preloaded with a 9-0 polypropylene suture, is
introduced through the base of (first) the more inferior
scleral flap bed 1 mm to 3 mm posterior to the limbus.
The polypropylene suture loop is advanced toward the
proximal end of the haptic, closer to the optic than the
usual apogee of the haptic, where a notched contour is
found. After pulling the sutures snug, to pull the haptic
to the internal eye wall, a square knot is fashioned,
leaving the ends untrimmed. Internally, the PCIOL is
carefully grasped near the junction of the optic and
haptic with intraocular forceps from the opposite side
of the eye, to internalize the knot through the needle
track. Then, superior (second) haptic is lassoed, tied,
and internalized in a similar fashion with assistance of
the intraocular forceps. With both haptic suture knots

internalized, the polypropylene needle ends are passed
along the partial scleral thickness in the base of the
scleral flaps and secured initially with the beginning
throw of a square knot. The tension on the scleral
fixation sutures are adjusted to optimize centration of
the optic (without causing torsion by overtightening)
in the process of tying the final suture throw. The
suture ends are purposely left long (about 4–5 mm),
allowing the ends to lay flat on the sclera (mostly
under the flap) to minimize suture extrusion through
the flap and conjunctiva. The conjunctival incisions
are closed using 6-0 plain gut, pulling the conjunctiva
snug enough to hold the scleral flaps in place (no
sutures are used on the scleral flaps).

Case Series

Case 1

A 60-year-old man had an endocapsular dislocation
of an acrylic one-piece IOL, OS, with tapered haptics.
Previously, a one-piece acrylic PCIOL designed with a
bulb in the distal haptic had been repositioned, right
eye, using scleral suture fixation as previously
described.3 Severe glare, left eye, caused difficulty with
night driving. Preoperative Snellen best-corrected visual
acuity (BCVA) was 20/30 and intraocular pressure
(IOP) was 14 mmHg. He underwent repositioning and
scleral fixation via the modified loop technique as
described above. Postoperative BCVA at 1 month
was 20/25. At 3 months, he had developed a vitreous
hemorrhage with corresponding BCVA of 20/400 and
IOP of 8 mmHg. His IOL remained well-positioned and
the scleral flaps were well-apposed (Table 1).

Case 2

A 64-year-old man with a posterior extracapsular
dislocation of a one-piece (Tecnis multifocal IOL), left
eye, with posterior capsular rupture had BCVA of 20/
60 and IOP of 22 mmHg. He underwent repositioning
using the above described technique; an epiretinal

Table 1. Clinical Characteristics of Three Cases of Scleral Suture Fixation of Dislocation of One-Piece Acrylic PC IOL With
Tapered Haptics and Postoperative Findings

Age, Gender

Preoperative Visit One-Month Postop Visit Three-Month Postop Visit

BCVA, IOP
Type of

Dislocation BCVA, IOP
Clinical
Findings* BCVA, IOP

Clinical
Findings*

Case 1 60, male 20/30, 14 Endocapsular 20/25, 22 Cells 1+ 20/300, 8 VH
Case 2 64, male 20/60, 22 Extracapsular 20/60, 20 Quiet 20/60, 20 Quiet
Case 3 73, female 20/30, 14 Endocapsular 20/60, 14 Cells 1+ 20/30, 14 Quiet

*The IOL was centered postoperatively in all cases.
VH, vitreous hemorrhage.

Fig. 1. Representation of a Tecnis-style one-piece acrylic intraocular
lens with tapered haptic ends.4 Note the proximal notched ends on the
haptic, where a suture slip knot can be secured for adequate lens sus-
pension.
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membrane was removed as well. At both his 1-month
and 3-month visits, his BCVA remained at 20/60 with
a recurrent epiretinal membrane. He had inferior
chorioretinal scarring from a regressed choroidal
melanocytic tumor. The IOL was centered and well-
positioned (Figure 2).

Case 3

A 73-year-old woman presented with inferior
endocapsular subluxation of a one-piece acrylic
IOL, left eye. Her BCVA was 20/30 and IOP was
14 mmHg. The IOL was centered and well-
positioned with BCVA of 20/30 and IOP of 14 one
month after scleral suture repositioning using the
described technique. This case is illustrated in Figure
3 and a Video, Supplemental Digital Content 1,
http://links.lww.com/IAE/B283.

Discussion

This study reports a modification of a previously
reported scleral suture fixation technique for one-piece
acrylic PCIOLs3 that extends its application for use
with one-piece acrylic PCIOLs with tapered haptics
that hitherto have not been considered amenable to
repositioning, and hence required exchange. The key
steps involve securing the haptic knot on the proximal,
notched end and internalizing the suture which also
allows better control in adjusting the suture tension
to facilitate optimal centration. This technique offers
an alternative to IOL exchange which may increase the
risks of severe intraocular hemorrhage, hypotony, cor-
neal endothelial cell loss, and astigmatic changes
related to the need for larger or reopened corneal or
scleral wounds. Moreover, IOL repositioning may be
safer for eyes with concomitant problems, such as
glaucoma drainage implants, corneal transplants, cor-
neal edema, or high anterior synechia.
We (and others) have previously reported the

applicability of scleral suture fixation techniques for
rescuing posteriorly dislocated one-piece acrylic lenses
in the absence of capsular support.3 However, when
the design does not include bulbous distal haptic ends
to provide a restriction to prevent the suture square
knots from slipping off, IOL exchange was the only
option. However, an increasingly commonly encoun-
tered IOL type (Tecnis-style one-piece acrylic IOLs)
lack any distal bulbous ends, but using this technique
modification can be rescued for repositioning.
This technique modification seems to have yielded

satisfactory anatomic and visual outcomes in the short-
term of follow-up that our experience has afforded. As
a separate modification, we have inserted the scleral

suture slightly more posteriorly, 3 mm from the
limbus, where we think it avoids iris rub and induces
less refractive change because it approximates the
optical location of (originally intended) capsular bag
fixation. Although long-term follow-up is warranted,
there were no adverse events the initial 3-months
postoperatively relatable to this technique modification
(although one case had a self-limited vitreous hemor-
rhage postoperatively).

Conclusion

A modification of an existing scleral suture fixation
IOL repositioning technique allow its applicability to
one-piece acrylic IOLs lacking the terminal bulbous

Fig. 2. Postoperative appearance of Case 2, demonstrating centration of
the scleral sutured PC IOL 3 months following surgery. The iris pig-
ment attenuation was present before the IOL repositioning surgery.

Fig. 3. The polypropylene suture loop is advanced toward the proximal
end of the haptic, closer to the optic, where a notched contour is found
(Case 3, same as the Video, Supplemental Digital Content 1, http://
links.lww.com/IAE/B283).

SURGICAL TECHNIQUE 1041
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haptic end and provides greater control in adjusting
IOL position. This procedure offers an alternative to
PCIOL exchange.

Key words: intraocular lens dislocation, intraocular
lens repositioning, intraocular lens scleral fixation,
one-piece acrylic intraocular lens, pars plana vitrec-
tomy.

JOSE J. ECHEGARAY, MD
WILLIAM E. SMIDDY, MD
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Diagnostic and Therapeutic
Challenges Edited by Anita Agarwal

Drs. Apoorva Ayachit, Shrinivas Joshi, Guruprasad Ayachit, and David Sarraf

This case was submitted by Department of Vitreo-
retina, M M Joshi Eye Institute, Hubballi; com-

mented by Dr. David Sarraf (Los Angeles, California).

Case Report

A 69-year-old gentleman presented with diminished
vision in the left eye (LE) for 1 month. He had
undergone uneventful cataract surgery with posterior
chamber intraocular lens placement in LE 6 weeks

prior. There were no systemic complaints, known
systemic illnesses, or use of medication.
The best-corrected visual acuity was 6/18, N 18 in

LE, and 6/6, N6 in the right eye. The right eye was
phakic, and posterior segment was within normal
limits (Figure 1A). Left eye fundus examination
showed closely arranged yellowish brown pigments
straddling the superior arcade that traced downward
in a track to straddle the inferior arcade. The pigments

Fig. 1. A. Right eye fundus
showing tessellation. B. Left
eye fundus showing the track of
yellowish brown pigmentation
with concavity toward disk.

Fig. 2. A. Normal auto-
fluorescence in the right eye. B.
Left eye showing a speckled
pattern in the track with pre-
dominantly hyper-AF patches.
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were arranged in a crescentic (necklace) pattern with
concavity toward the disk. Cystoid macular edema was
present (Figure 1B).
Fundus autofluorescence (AF) of the right eye was

normal. LE AF showed a speckled pattern with hyper-
AF patches straddling the superior and inferior arcades
(Figure 2B). A horizontal line scan on optical coher-
ence tomography showed hyperreflective retinal pig-

ment epithelium (RPE) clumps at the outer retina
corresponding to pigment along with outer retinal thin-
ning (Figure 3A). Multicolor image of LE showed
brownish red pigments (Figure 3B).
The patient received a posterior segment subtenon

triamcinolone acetonide for presumed pseudophakic
cystoid macular edema. The edema resolved in four
weeks with restoration of the ellipsoid zone (Figure 4).

Fig. 3. A. Optical coherence tomography of RE showed cystoid macular edema and RPE clumps at outer retina with outer retinal thinning at the area of
pigment (white arrow). B. Multicolor image showing reddish brown pigmentation of the track. RE, right eye.

Fig. 4. Resolution of the cys-
toid macular edema at 1 month
after PST- TA.
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At one-month follow-up, fluorescein angiography was
performed for further characterization of the crescentic
track of pigments. Arterial phase of angiography
showed blocked fluorescence (Figure 5A). Mid
arterio-venous phase showed few hyperfluorescent
areas along the superior arcade (Figure 5B). Late
arterio-venous phase showed more hyperfluorescent
staining of the patches (Figure 5C)). At 10 minutes,
there was hyperfluorescence in the superior and tem-
poral parafovea with disk hyperfluorescence in addi-
tion to increased hyperfluorescence of the track
(Figure 5D). Systemic workup showed no medical
illnesses or evidence of malignancy. This case has
been presented for discussion of the possible diagnosis
and management.

Dr. David Sarraf (Los Angeles, California):
Ayachit et al described a very interesting case of a

69-year-old male patient from India who presented
with a 1-month history of vision loss (20/60) in the
pseudophakic LE.
Retinal examination in the right eye was entirely within

normal limits. However, retinal examination in the LE
showed a very remarkable pattern of contiguous whitish
lesions, at the level of the retinal pigment epithelium
(RPE), forming a circle around the posterior pole.

Multimodal retinal imaging in the left eye showed
that the lesions were hyperautofluorescent with FA
and corresponded to RPE disruption and outer retinal
atrophy with optical coherence tomography. Fluores-
cein angiography illustrated early hypofluorescence
with late staining of the lesions in the left eye.
The diagnosis of this case is challenging, especially

because this necklace pattern of RPE alterations is
very rare and peculiar. However, the fluorescein
angiography highlights an important finding in the
LE. The early hypofluorescence with late staining is
typical of placoid disease. The hypofluorescence may
be the result of inner choroidal ischemia. Therefore,
the diagnosis in this case could be serpiginous
choroidopathy of the LE. Typically, lesions in serpig-
inous demonstrate a peripapillary distribution.
Although the lesions in this case do not involve the
margin of the optic disk, they do extend away from the
nerve, albeit in a much wider and more unusual
pattern.
Given the presumed Indian demographic of this

patient and the endemic nature of tuberculosis in this
country, it is important to obtain QuantiFERON Gold
testing in this case to rule out tubercular serpiginoid
choroiditis which is a treatable condition. Tubercular
serpinous is typically associated with multifocal

Fig. 5. A. Arterial phase of
angiogram showing blocked
fluorescence corresponding to
the track. B. Few hyper-
fluorescent patches beginning in
the superior arcade pigments
(yellow arrow). C. More hy-
perfluorescent patches in the
arterio-venous phase. D. Hy-
perfluorescence in the superior
and temporal parafovea (cyan
arrow) and disk hyper-
fluorescence in addition to
increased hyperfluorescence of
the track.
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peripheral lesions, as is illustrated in this case, and
therefore, it is essential to determine whether this
patient is TB positive so that anti-TB therapy can be
promptly initiated.
If TB testing is negative, then an underlying

inflammatory disorder causing the placoid lesions
may be suspected. While acute posterior multifocal
placoid pigment epitheliopathy is in the differential,
the circular distribution of the lesions may be more
suggestive of serpiginous, although the latter typically
demonstrates a recurrent course with new lesions
developing contiguous with the old lesions. The time
course of placoid disease therefore can be critical to
finalize the exact diagnosis and to determine whether
immunosuppressive therapy is warranted.
Placoid diseases can be complicated by intraretinal

and/or subretinal fluid. Treatment of the underlying
inflammation can also address other complications
such as macular edema and choroidal neovasculariza-
tion, although anti-VEGF therapy may also be
necessary.

Editor’s Note:
Drs. Ayachit, Joshi, and Ayachit have presented a

man with unilateral decreased vision and a bewildering
appearance of hyperautofluorescent spots after the
course of the vascular arcades. Dr. David Sarraf has

taken on the impossible mission of discussing this
case.
He focuses on the early hypofluorescent, but late

staining pattern, of the necklace-like lesions, noting
that this is typical of placoid disease. He believes that
this finding may indicate inner choroidal ischemia,
raising the possibility of serpiginous choroidopathy.
Dr. Sarraf recommends QuantiFERON Gold testing to
rule out tubercular serpiginous choroiditis.
He also includes acute posterior multifocal placoid

pigment epitheliopathy as a possible cause for this
necklace-like distribution of lesions.
We thank Drs. Ayachit, Joshi, and Ayachit for this

case and Dr. David Sarraf for his discussion. I sent this
case out to many, all of whom declined. I have no idea
what this is, but someone out there has seen it, or will
see it, and they will let us all know. That is how this
works.

RETINA�, The Journal of Retinal and Vitreous
Diseases, encourages readers to submit Diagnostic
and Therapeutic Challenges to retina@retinajour-
nal.com. Cases for the Diagnostic and Therapeutic
Challenges section should include a detailed history
of the patient, the diagnosis, the workup, the manage-
ment, and finally, the question or questions that the
submitter wishes to have answered by the consultants.
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A 30 G “POSTERIOR CHAMBER
MAINTAINER” FOR PREVENTION OF
TRANSIENT HYPOTONY DURING
SCLEROTOMY CLOSURE AT THE
CONCLUSION OF 3-PORT PARS PLANA
VITRECTOMY

Andrew W. Trippiedi, BS*†
Justin Gutman, MD†

From the *Hackensack Meridian School of Medicine,
Nutley, New Jersey †Retina Center of New Jersey,
Bloomfield, New Jersey

At the conclusion of a standard 23- or 25-gauge 3-
port pars plana vitrectomy, it is not uncommon for one
or more of the sclerotomy sites to leak. Previous
studies by Lakhanpal et al,1 have reported an incidence
of 7.1% of small-gauge vitrectomies requiring at least
one suture at a single sclerotomy site. The type of
wound construction can impact the frequency of
incompetent wounds. In addition, trocar size, primary
vitrectomy versus a reoperation, high myopia, and the
age of the patient can affect the rate of wound leaks
encountered. Lin et al2 observed that leaking wounds
are not common, especially in primary vitrectomies,
but they are encountered on occasion by every
surgeon.
Removal of the infusion trocar cannula from an eye

with a wound that does not self-seal, can result in the
rapid development of hypotony. Previous reports by
Khanduja et al3 describe hypotony occurring in as
many as 25% of the cases of sutureless vitrectomy.
This is especially common in patients with a history
of previous vitrectomy as described by Mimouni et al.4

Surgeons attempt to anticipate and mitigate the
extent and duration of hypotony, especially if the
surgeon encounters wound leaks from the two instru-
ment trocars that may have required suture closure.
When it is believed that the sclerotomy from the

infusion trocar will also leak, a suture is simulta-
neously passed while the infusion trocar is removed.
This allows for a rapid closure of the wound and helps
the surgeon to place the suture more accurately
through the sclerotomy site, because the trocar itself
provides a guide for the needle track. When the wound
does leak despite the above rapid suturing, the
conjunctiva balloons up, making it difficult to see
the underlying sclera and difficult to pass the stitch

Fig. 1. A. The PC Maintainer is attached to a 3-way stopcock that
diverts flow from the 25- gauge infusion trocar. B. A closeup of the
device showing the stabilizing base from which a 30-gauge needle
protrudes.

Justin Gutman, MD holds the patent for the posterior chamber
maintainer. None of the other authors have any proprietary interests
or conflicts of interest related to this submission.

Supplemental digital content is available for this article. Direct
URL citations appear in the printed text and are provided in the
HTML and PDF versions of this article on the journal’s Web site
(www.retinajournal.com).

This submission has not previously submitted and is not being
considered for publication in any other journal.

Reprint requests: Justin Gutman, MD, Retina Center of New
Jersey, 1255 Broad Street, #104 Bloomfield, NJ 07003; e-mail:
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accurately. Inaccurate needle passes prolong and
exacerbate the degree of hypotony. Even in the best
scenarios when the stitch is passed perfectly and tied
quickly, an unsafe degree of hypotony can still be
unavoidable.
When the surgeon determines that the globe is too

soft, the remedy is to use a 30-g needle on a syringe
filled with BSS or sterile air or gas, and to introduce the
needle into the vitreous chamber through the pars plana
to reinflate the eye to the appropriate pressure. A 30-g
needle puncture is known to reliably self-seal. During
those moments before the eye is repressurized, the eye is
at risk for rebleeding from vessels that had been ligated
during surgery, bleeding from the angle, decompression
retinopathy, and choroidal hemorrhage. Mukkamala
et al5 reported that although cases of decompression ret-
inopathy often have favorable outcomes, with visual acu-
ity in as many as 85% of eyes returning to baseline, it
may still lead to ocular morbidity.
The ‘posterior chamber maintainer’ (Vortex Surgi-

cal, Saint Charles, MO) seeks to solve these problems
by maintaining the intraocular pressure after removal
of the infusion trocar, even if that wound is found to be
incompetent and leaking rapidly. Instead of reinflating
the globe after the eye has lost pressure, this device is
preplaced through the pars plana and can be left in
place hands-free, providing infusion pressure to the
eye as the leaking wound is addressed. This not only
will prevent transient hypotony during the surgery, but
also may allow for easier closure of the infusion trocar
wound site, if necessary. The device has been named
the ‘posterior chamber maintainer,’ but it should be
noted that anatomically, the device is placed in the
vitreous chamber.

Design of ‘Posterior Chamber Maintainer’ and
Surgical Utility

The ‘posterior chamber maintainer’ consists of a 30-
gauge needle measuring 4 mm in length. The needle is
attached to a length of tubing. The tubing has an
adapter to hook up to the infusion line via the 3-way
stopcock. Most critical to the design is a “stabilizing
disk,” which helps to keep the needle perpendicular to
the eye wall, preventing any tilt or torque of the needle
that could threaten the phakic lens or retina. Figure 1.
Before the infusion trocar is removed, the PC

maintainer needle is inserted into the vitreous chamber
in the inferonasal quadrant of the sclera, 3.5 mm
posterior to the limbus. Figure 2A. The tubing is then
taped to the drape over the patient’s nose. It is then left
in place, hands-free as the stabilizing disk prevents
movement. The flow of fluid or air is then diverted

by turning the 3-way stop cock, forcing flow through
the PC Maintainer needle. The infusion trocar is then
removed and sutured if necessary. Figure 2B. Any
fluid that leaks from the wound is compensated for
by the flow through the PC maintainer and IOP is
never compromised. Once the surgeon is satisfied with
the wound closure, the 30-g PC maintainer needle is
removed, leaving a self-sealing wound at the conclu-
sion of the case. Figure 2C. See supplemental video
for further information (http://links.lww.com/IAE/
B965).

Pilot Experiences

We conducted a retrospective review of 50 consec-
utive total cases. All 50 cases were repeat pars-plana
vitrectomies. This study adhered to the guidelines of
the Declaration of Helsinki. We contacted WCG IRB

Fig. 2. A. Here is a picture of the device after being inserted, before
removal of trocars. B. The PC Maintainer assures that there is no
transient hypotony after removal of the infusion trocar. C. The PC
Maintainer uses a 30-gauge needle, which self-seals after removal.
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and received their approval for a retrospective chart
analysis. We compared two separate arms in the study.
One arm included 25 cases of repeat vitrectomy,
without the 30-g PC maintainer available for use,
because they were conducted at the hospital ASC
where a consignment for this device has not yet been
obtained. The second arm included 25 cases of repeat
vitrectomy performed at a private ASC where the 30-g
PC Maintainer device was available for use, and is
routinely used on every case performed there, includ-
ing the 25 cases highlighted in this study. Cases of
primary vitrectomy, and vitrectomy for retinal detach-
ment when a gas or oil tamponade would be necessary
were excluded. All 50 cases used 25-gauge trocars.
The intraocular pressure from the infusion source was
kept at 35 mmHg when all trocars were removed in
both arms. In the PC Maintainer arm, there were 16
cases of silicone oil removal, 6 cases of reoperation for
nonclearing vitreous hemorrhage from PDR, 1 reop-
eration for nonclosure of macular hole, and 2 reopera-
tions to place a secondary IOL for aphakia. The arm
with no PC Maintainer included 13 cases of silicone
oil removal, 7 reoperations for nonclearing vitreous
hemorrhage from PDR, 2 reoperations for recurrent
epiretinal membrane, and 3 reoperations to place a
secondary IOL for aphakia. As the primary data point,
we looked at the incidence of transient hypotony that
required the eye to be reinflated after the removal of
the infusion trocar. Hypotony was diagnosed by the
surgeon intraoperatively by digital palpation. Transient

hypotony was recorded if the surgeon determined it
was necessary to reinflate the eye, and this reinflation
was mentioned in the operative report. We also looked
at safety data including the incidence of postoperative
intraocular hemorrhage, suprachoroidal effusion or
hemorrhage, rapid postoperative progression of cata-
ract, or endophthalmitis. The results of the trial
revealed that the rate of leak from the infusion trocar
wound was 72% (18/25) in the arm that used the PC
Maintainer and 68% (17/25) in the arm where no PC
Maintainer was available. In the arm that used the PC
Maintainer, 0% (0/18) of the eyes required reinflation,
because hypotony was never encountered. In the arm
where the PC Maintainer was not available, 88% (15/
17) of the cases required the globe to be reinflated
because of an unsafe degree of hypotony encountered
Table 1.

Conclusion

The ‘Posterior Chamber Maintainer’ was found in this
pilot experience to be safe and effective. It allows for
maintenance of intraocular pressure at the conclusion of
pars-plana vitrectomy, reliably preventing transient hy-
potony in these cases. With less hypotony encountered,
the chance for ocular morbidity may be reduced,
although in this trial, superiority of surgical outcome
with our device compared with the standard of care
was not demonstrated. Further experience will be needed
to determine whether the PC maintainer improves patient
safety.

Key words: pars plana vitrectomy, posterior
chamber, 3-port pars plana vitrectomy.
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Table 1. Results From Cases With and Without PC
Maintainer

With Posterior
Chamber
Maintainer

Without
Posterior
Chamber
Maintainer

Transient
intraoperative
hypotony

0/18 15/17

Cases of intraocular
hemorrhage on
post-op day 1,
endophthalmitis,
suprachoroidal
hemorrhage or
effusion, or
postoperative rapid
progression of
cataract

0 0
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Photo Essay Edited by Dilraj Grewal with Nita Valikodath and Grant A. Justin

An Unusual Optical Coherence Tomography
Appearance in Coats Disease

In contrast to the traditional en face techniques of
fundus imaging including fundus photography and

dye angiography, the current optical coherence tomog-
raphy (OCT) devices enable in vivo visualization of
depth-resolved retinal structure resembling that seen
histologically with light microscopy.1 Coats disease
is a retinal disorder seen primarily in young male
patients presenting with unilateral intraretinal and sub-

retinal exudation originating from telangiectatic and
aneurysmal retinal vessels. Herein, the authors present
a case of Coats disease with an unusual pattern of lipid
deposition revealed with OCT.
A 13-year-old adolescent boy with Coats disease

presented with an inferior exudative retinal detachment,
peripheral retinal telangiectasia and aneurysms, and
extensive subretinal lipid deposition in his right eye
(Figure 1, top). Dilated fundus examination of the left

Fig. 1. Colored fundus image
of the right eye shows inferior
exudative retinal detachment,
peripheral retinal telangiectasia,
and aneurysms in addition to
extensive subretinal lipid depo-
sition (top). Optical coherence
tomography B-scan through the
fovea of the right eye demon-
strates massive subretinal lipid
accumulation in the absence of
overlying intraretinal fluid
(bottom).
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eye was unremarkable. An OCT B-scan scan through the
fovea of the right eye showed the unusual finding of
massive subretinal lipid accumulation in the absence of
overlying intraretinal fluid (Figure 1, bottom).
Histopathological examinations of eyes with Coats

disease have revealed retinal thickening because of
homogeneous acellular material, typical of lipoprotei-
naceous exudation. Lipid- and hemosiderin-laden
macrophages and cholesterol clefts are present in both
the retina and the subretinal fluid.2

The authors hypothesize that because of the pre-
dominantly peripheral nature of the vascular changes
in this patient, the exudation mostly entered the
subretinal space. Preserved integrity of tight junctions
within the central outer limiting membrane may have
provided resistance to the intraretinal accumulation of
macular fluid and lipid.3

Key words: coats disease, exudation, optical coher-
ence tomography.
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