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Abstract

Purpose To investigate the retinal structural
changes in endophthalmitis and their
association with visual outcome.
Patients and methods Forty-five eyes of
45 patients diagnosed with endophthalmitis
were included. Spectral domain optical
coherence tomography (SD-OCT) was
performed after inflammation was controlled.
The relationship between SD-OCT features
and best-corrected visual acuity (BCVA) at the
last follow-up was analyzed.
Results The structural changes included
inner segment ellipsoid (ISe) disruption
(49%), atrophy of retinal inner layers (24%),
epimacular membrane (24%), and macular
edema (24%). BCVA was worse in patients
with ISe disruption (P= 0.005) and retinal
inner layers' atrophy (P= 0.004) compared
with those without. There was no significant
difference of BCVA between the patients
with and without epimacular membrane, or
intraretinal cysts. Multivariate regression
showed that atrophy of retinal inner layers
(b= 0.41± 0.17, P= 0.022) was the only
independent factor associated with BCVA.
Conclusion Atrophy of retinal inner layers is
associated with visual impairment in
endophthalmitis, despite successful
management.
Eye (2017) 31, 1488–1495; doi:10.1038/eye.2017.100;
published online 2 June 2017

Introduction

Endophthalmitis is a severe, sight-threatening
disease that is characterized by intraocular
inflammation caused by infection. Its sources

can be open globe trauma, intraocular surgery,
keratitis, or endogenous.1 The reported
incidence of endophthalmitis is 2.1% after open
globe injury,2 0.06 ~ 0.2% after cataract surgery,3

0.039% after vitrectomy,4 and 0.049% after
intravitreal injection.5 Although endophthalmitis
can be adequately managed with intravitreal
injection of antibiotics and/or pars plana
vitrectomy, impairment of vision has been
observed in some patients.6 This could be due to
damage of the retinal structure.
Spectral domain optical coherence

tomography (SD-OCT) allows visualization of
the cross-sectional structure of retina in vivo.7

It is now widely being used to investigate the
pathogenesis, diagnosis, and management of
many diseases such as retinal vein occlusion,8

age-related macular degeneration,9 glaucoma,10

central serous chorioretinopathy,11 and diabetic
retinopathy.12 SD-OCT has also been used to
investigate the structural changes in
endophthalmitis.13–15 However, these studies
only focused on postoperative source of
endophthalmitis. Furthermore, none of these
studies analyzed the relationship between retinal
structural changes and visual function.
The purpose of this study is to investigate the

structural changes in the retina after successful
management of endophthalmitis, and their
association with visual function.

Materials and methods

Subjects

This is a retrospective study. The Institutional
Review Board of Joint Shantou International Eye
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Center of Shantou University and the Chinese University
of Hong Kong approved the study protocol. Informed
consent was waived because of the retrospective nature of
the study. The records of all patients diagnosed with
endophthalmitis between 1 January 2010 and 31
December 2016 at the Joint Shantou International Eye
Center of Shantou University and the Chinese University
of Hong Kong were reviewed. Patients who met the
following criteria were included: (1) diagnosed with
endophthalmitis; (2) underwent an OCT examination
after control of inflammation; and (3) followed up for at
least 3 months. Patients with any following criteria were
excluded: (1) history of retinal detachment, age-related
macular degeneration, retinal vein occlusion, glaucoma,
diabetic retinopathy, or any other retinopathy; (2) poor
quality of OCT images; (3) coexisting pathology at macula
other than endophthalmitis, such as intraocular foreign
body at macula, macular hole, or retinal detachment; (4)
corneal wound within 3 mm diameter of corneal center;
and (5) clinically significant cataract that affected visual
acuity.

Optical coherence tomography

SD-OCT was performed with Cirrus High Definition OCT
(Carl Zeiss Meditec, Dublin, CA, USA) or Topcon 3D
OCT-1000 (Topcon Corporation, Tokyo, Japan). Both
machines are a type of SD-OCT. The scanning protocol
included 64 × 512 scans, which produced retinal thickness
map and high-definition raster or five lines scan. The

images from both scans were used to assess the structure
of retina.
OCT images taken more than 3 months after control of

endophthalmitis were reviewed by a retinal specialist
who was masked to the visual acuity of patients. Four
kinds of structural characters were assessed. The OCT
images were manually segmented to inner and outer
retina at the border of the outer plexiform and outer
nuclear layers. Atrophy of the retinal inner layers was
defined as a reduced thickness of retinal inner layers and
absence of boundary between retinal inner layers
(Figure 1). Inner segment ellipsoid (ISe) band disruption
was defined as loss and irregularity of the hyper-reflective
line corresponding to the ISe band (Figures 2a and b).
Epimacular membrane was defined as a continuous
hyper-reflective line attached to the retinal inner surface
(Figures 2c and d). Intraretinal cyst was defined as the
minimally reflective space within the neurosensory retina
(Figures 2e and f).

Visual acuity

Best-corrected visual acuity (BCVA) was measured with
the Chinese standard logarithm visual chart and then
converted into Logarithm of minimal angle of resolution
(LogMAR) unit. Finger count was converted to 2.0
LogMAR and hand movements were converted to 2.3
LogMAR.16 The measurement of BCVA at the last follow-
up was used as functional outcome.

Figure 1 Optical coherence tomography of two patients with retinal inner atrophy after endophthalmitis. (a). The cross-section vertical
B scan showed reduced retinal inner layers’ thickness and absence of a boundary between these layers (arrow). The hyper-reflective lines
are reflection from silicone oil. (b) The corresponding retinal thickness map showing reduced retinal thickness at inferior and temporal
retina. (c) The cross-section horizontal B scan showed reduced retinal inner layers’ thickness and absence of a boundary between these
layers (arrow). (d) The corresponding retinal thickness map showing reduced retinal thickness at temporal retina. The green lines in a
and c were the manual segmentation of the border between outer plexiform layer and outer nuclear layer. The figure suggests that the
thinning was mostly due to atrophy of inner retina but not outer retina. The red cross in b and d indicates fovea. The figure
demonstrates that retinal thinning involved fovea.
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Statistical analysis

Statistical analyses were performed with commercially
available software (SPSS ver. 17.0; SPSS Inc., Chicago, IL,
USA). The distribution of variants was assessed using
Kolmogorov–Smirnov test. The results were presented as
the median. Mann–Whitney U-test was used to compare
BCVA in patients with and without retinal structural
changes. Multivariate linear regression analysis was used
to investigate the correlation between BCVA and
anatomical characteristics of the retina. The tests were
two-sided. The level of significance was set as P-value less
than 0.05.

Results

Forty-five eyes from 45 patients (12 females, 33 males)
were included in this study. The age of patients ranged
from 4 to 87 years (median age 45 years). The sources of
endophthalmitis were open globe injury in 34 eyes,
cataract surgery in 8 eyes, and endogenous in 3 eyes.
Thirty-eight eyes were treated with pars plana
vitrectomy combined with intravitreal injection of
antibiotics or vitreous cavity lavage of antibiotics. The
other seven eyes received intraocular injection of

antibiotics only. The LogMAR BCVA at final visit ranged
from 0.0 to 2.3, with the median of 0.52. The
demographics and clinical characteristics of each patient
were presented in Table 1.
On SD-OCT images taken more than 3 months after

control of endophthalmitis, atrophy of the retinal inner
layers was detected in 11 (24%) eyes, ISe band disruption
was identified in 22 (49%) eyes, epimacular membrane
was found in 11 (24%) eyes, and intraretinal cysts
presented in 11 (24%) eyes. The prevalence of these
structural changes in each type of endophthalmitis was
listed in Table 2.
LogMAR BCVA was worse in the eyes with atrophy of

retinal inner layers compared to those without (median
0.90 vs 0.40 LogMAR, P= 0.002, Mann–Whitney U-test,
Figure 3a). BCVA was also worse in patients with ISe
disruption than in those without ISe disruption (median
0.70 vs 0.30 LogMAR, P= 0.004, Mann–Whitney U-test,
Figure 3b). There was no significant difference of BCVA
between patients with and without epimacular
membrane, or between patients with and without
intraretinal cysts (both P40.05, Mann–Whitney U-test,
Figures 3c and d). Multivariable linear regression analysis
showed that atrophy of retinal inner layers

Figure 2 Optical coherence tomography of patients with inner segment ellipsoid band disruption (of the right side of the arrow in a),
epimacular membrane (arrow in c), and intraretinal cysts. (arrow in e). Panels a, c, e are cross-sectional B scan images, whereas b, d, f are
retinal thickness map.
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(b= 0.41± 0.17, P= 0.022) was the only independent factor
strongly associated with visual outcome.

Discussion

Our study observed retinal structural changes including
atrophy of the retinal inner layers, ISe disruption,
epimacular membrane, and intraretinal cysts in
endophthalmitis after successful management. The visual

acuities were significantly reduced in patients with ISe
disruption or atrophy of retinal inner layers. After
adjusting for covariates, atrophy of retinal inner layers
was the only independent factor associated with visual
acuity impairment.
A few previous studies have reported retinal atrophy

after endophthalmitis.15,17 Singh et al17 reported 5 of 20
eyes with neurosensory retinal atrophy and two of
them with macular ischemia on fluorescein

Table 1 Demographic, clinical, and tomographic characters of included subjects

ID Age (y) Gender Follow-up times (m) Time of OCT (m) Cause Vitrectomy ISeD ARIL ERM IRC BCVA

1 36 M 14 3 Trauma Y N N N N 0.05
2 36 M 6 3 Postoperative N N N N N 0.00
3 45 M 17 9 Trauma Y Y Y N N 0.92
4 34 M 37 9 Trauma Y N N N N 0.22
5 71 M 8 5 Postoperative Y Y Y Y Y 0.92
6 72 F 6 3 Postoperative Y Y N N N 1.00
7 45 F 7 6 Trauma N Y N Y Y 0.70
8 10 M 7 4 Trauma N Y N Y N 0.52
9 33 M 40 6 Trauma Y Y N Y Y 0.40
10 59 M 4 3 Trauma N N N N N 0.82
11 35 M 13 5 Trauma Y N N Y N 0.00
12 12 M 45 8 Trauma Y Y N N N 0.40
13 69 M 6 6 Postoperative Y Y N N Y 0.70
14 45 F 46 25 Trauma N N N N N 0.92
15 27 M 11 6 Trauma Y N N N N 0.15
16 11 M 7 7 Trauma Y N N N N 0.82
17 25 F 9 5 Trauma Y Y N N N 0.30
18 39 M 9 3 Trauma N N N N N 0.10
19 47 M 6 5 Trauma Y N N N N 0.60
20 63 F 15 3 Endogenous Y Y Y Y N 2.30
21 47 M 5 3 Trauma Y Y Y N N 0.92
22 28 M 10 6 Trauma Y N N N N 0.15
23 18 M 53 8 Endogenous Y N N N N 0.30
24 17 M 12 3 Trauma Y N N N N 0.10
25 87 M 6 6 Postoperative Y Y Y N N 1.00
26 57 F 9 7 Postoperative Y Y N Y Y 0.82
27 49 F 9 7 Trauma Y Y N N N 0.4
28 26 M 6 3 Endogenous Y Y Y N N 0.52
29 41 F 8 5 Trauma Y Y Y N N 0.60
30 14 F 9 6 Trauma Y N N N N 0.00
31 46 M 6 4 Trauma Y Y Y Y N 0.40
32 49 M 8 6 Trauma Y N N N N 0.52
33 4 M 13 13 Trauma Y N N Y Y 1.00
34 46 M 8 8 Trauma Y N N N N 0.6
35 49 M 9 3 Trauma Y Y N N Y 0.2
36 66 F 5 3 Postoperative Y N N N N 0.5
37 19 M 14 12 Trauma Y N N Y Y 0.2
38 52 M 7 7 Trauma Y N N N N 0.4
39 27 M 12 6 Trauma Y Y Y N N 0.9
40 47 F 12 6 Trauma Y Y N N Y 2.0
41 53 M 7 7 Trauma Y Y N Y Y 0.7
42 57 M 4 4 Trauma N N N N N 0.0
43 57 M 3 3 Trauma Y N Y N N 0.8
44 48 F 7 5 Trauma Y Y N N Y 0.7
45 67 M 8 8 Trauma Y N Y N N 0.8

Abbreviations: ARIL, atrophy of retinal inner layer; BCVA, best-corrected visual acuity at last follow-up (LogMAR); ERM, epimacular membrane;
F, female; IRC, intraretinal cyst; ISeD, inner segment ellipsoid disruption; M, male; N, no; Time of OCT, the interval of optical coherence tomography
examination after control of endophthalmitis; Y, yes.
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angiography. However, their report was limited by the
low resolution of time domain OCT, which could not
differentiate between inner or outer retinal atrophy.
Bjerrum et al15 reported that retinal atrophy located
temporal to the fovea in 13 of 42 postoperative

endophthalmitis eyes. They found that massive atrophy
was mostly due to loss of nerve fibers and ganglion
cells. Zinkernagel et al14 found ganglion cell complex
thinning in seven of nine patients with endophthalmitis
after cataract extraction surgery. There were also
studies that reported no significant change of retinal
thickness in endophthalmitis eyes compared to
control.13,14 The inconsistency of changes in retinal
thickness associated with endophthalmitis may
be due to variations in study sample sizes and
severities of disease. In addition to thinning of retinal
inner layers, we have also observed that the boundary
of retinal inner layers was indistinguishable in
endophthalmitis eyes. Furthermore, multivariate
regression analysis showed that retinal inner atrophy
was the only independent factor associated with poor
visual outcome.

Table 2 Frequency of retinal structural changes on spectral
domain optical coherence tomography in different types of
endophthalmitis

Endogenous Postoperative Trauma

Total 3 8 34
Inner segment ellipsoid
disruption

2 (66.7%) 5 (62.5%) 15 (44.1%)

Atrophy of retinal inner
layers

2 (66.7%) 3 (37.5%) 6 (17.6%)

Epimacular membrane 1 (33.3%) 2 (25.0%) 8 (23.5%)
Intraretinal cysts 0 (0%) 3 (37.5%) 8 (23.5%)

Figure 3 Box charts for comparison of best-corrected visual acuity in endophthalmitis patients with and without morphological
changes. The P-values were calculated from Mann–Whitney U-test. (a) Retinal inner layers' atrophy. (b) Inner segment ellipsoid band
disruption. (c) Epimacular membrane. (d) Intraretinal cyst.
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Retinal inner layers were supplied by the retinal
vasculature. Atrophy of retinal inner layers is also seen
in other retinal ischemic diseases including central18

or branch19 retinal artery occlusion, diabetic
retinopathy,20–24 and retinal vein occlusion.25 Animal
model of Bacillus endophthalmitis revealed that retinal
vasculature was occluded by infiltrating inflammatory
cells, mostly polymorphonuclear leukocytes.26,27

Clinically, retinal vasculitis or periphlebitis has been
directly visualized by biomicroscopy or by the operating
microscope during surgery in eyes with
endophthalmitis.28,29 Figure 4 showed a case of traumatic
endophthalmitis in which retinal vasculitis was observed
during vitrectomy. Early postoperative SD-OCT showed
high optical intensity in the retinal inner layers, and late-
stage SD-OCT-identified atrophy of retinal inner layers.
Previously, we have observed increased optical intensity
in retinal inner layers during the acute phase of central
retinal artery occlusion, which could be a potential
biomarker for retinal ischemia.30,31 Similarly, the
increased optical intensity of inner retinal layers in
endophthalmitis eyes suggests that inflammation of
retinal vessel results in vascular occlusion, subsequently
leading to retinal ischemia, and finally atrophy occurs in
the retinal inner layers causing irreversible visual
impairment.
ISe disruption has been reported after endophthalmitis

in previous studies14,32 and was noted in 49% of the eyes
in our cohort. The presence of ISe disruption was
associated with worse visual acuity. ISe disruption
indicates photoreceptor damage.33 In experimental
endophthalmitis, the inoculation of bacterial infection and

its toxic byproducts had caused direct damage to
photoreceptors.26 Epimacular membrane and intraretinal
cysts had been reported as morphological changes after
endophthalmitis.14,15,17,32 However, these morphological
changes were not associated with visual impairment in
our case series.
The pathogenesis leading to the morphological changes

in endophthalmitis remains unclear. They may be directly
related to the virulence of the infectious microorganism,
due to secondary immune responses, or due to the
toxicity of antibiotics. Some cases in our study were
secondary to open globe injury. The mechanisms of ISe
disruption, epimacular membrane, or intraretinal cysts
may be secondary to trauma. However, we postulate
that atrophy of retinal inner layers is related to
endophthalmitis because it has not occurred in open globe
injury. There were studies that reported rare cases of
macular atrophy associated with the use of intravitreal
amikacin.34–36 However, our study used ceftazidime or
vancomycin and did not use amikacin. Retinal toxicity
is less likely to occur without repetitive intravitreal
antibiotics injections.37 Oum et al37 did not find retinal
toxicity in eyes that received single injection of antibiotics.
Nevertheless, our study is a clinical study that focuses on
the morphological changes by in vivo imaging. Further
studies are needed to investigate the molecular
pathogenesis of these changes.
We recognize a number of limitations in this study.

First, there are different causes of endophthalmitis, and
the number of patients is not large enough to allow us to
compare the visual and structural alteration between
different subgroups. Second, we only compared the

Figure 4 A case with traumatic endophthalmitis. (a, b) Retinal vasculitis was found during operation. (c) Partial resolution of retinal
vasculitis 4 days after vitrectomy. (d) Complete resolution of retinal vasculitis 6 months after vitrectomy. (e) Increased optical intensity
in inner layers (white arrow) on optical coherence tomography 4 days after vitrectomy. (f) Atrophy of retinal inner layers (yellow arrow)
on optical coherence tomography 6 months after vitrectomy.
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presence and absence of structural changes. Further study
is needed to quantify the severity and location of
structural changes and further investigate the structure–
function correlation. Third, we only have one time point
in most cases and hence cannot investigate the
longitudinal changes of retinal structure. Further study is
required to investigate the role of OCT at an early stage of
endophthalmitis. Fourth, this is a retrospective study, and
we do not have the OCT images of the contralateral eye
and, therefore, cannot make the comparison between the
eye affected by endophthalmitis and the fellow eye. The
unusually high frequencies of 24 and 48% suggested that
these tomographic changes were unlikely incidental
findings.
In conclusion, we found that even after successful

treatment of endophthalmitis, there are retinal structural
changes such as ISe disruption, atrophy of retinal inner
layer, epimacular membrane, and macular edema.
Among them, retinal inner layers' atrophy was strongly
associated with visual impairment in endophthalmitis.

Summary

What was known before
K SD-OCT has also been used to investigate the structural

changes in cases with postoperative endophthalmitis, but
none of these studies analyzed the relationship between
retinal structural changes and visual function.

What this study adds
K Retinal inner layer atrophy is an important mechanism for

visual impairment in endophthalmitis despite successful
management.
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