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Abstract
Glaucoma drainage device (GDD)-related endophthalmitis is a devastating complication of device implantation. There are
no guidelines in the literature to assist clinicians in deciding if the GDD should be explanted or if patients require pars plana
vitrectomy (PPV). This study compares the outcomes of GDD explantation with device retention and also independently
compares the outcomes of PPV versus intravitreal antibiotics alone in patients with GDD-related endophthalmitis. A
literature search for studies discussing GDD-related endophthalmitis from 2005 to 2019 was performed; 30 articles were
included. The visual acuity/anatomical outcomes were compared between GDD explantation and retention, and between
patients that received a PPV and those that did not. These outcomes were combined with a medical records review of 13
patients with GDD-related endophthalmitis from an academic institution. A total of 88 eyes were included. 70.5% underwent
GDD explantation, while 37.8% received a PPV. GDD explantation was associated with a lower rate of evisceration/
enucleation when compared to GDD retention (4.8% versus 19.2%, OR 0.22, 95% CI 0.05–1.01, p= 0.05), but visual acuity
outcomes were similar. No eyes that received an immediate vitrectomy became phthisic or required evisceration/enucleation,
compared an evisceration/enucleation rate of 15.2% in eyes treated solely with intravitreal antibiotics (OR 1.18, 95% CI
1.04–1.33, p= 0.04). Explantation of the GDD and immediate vitrectomy are both associated with better anatomical
outcomes in GDD-related endophthalmitis. Further research is needed to provide more definitive guidelines in the ideal
management of these patients.

Introduction

Glaucoma drainage devices (GDDs) are widely used for the
management of intractable glaucoma. Delayed endophthal-
mitis presenting months to years after surgery is a relatively
uncommon complication of GDD surgery, but this com-
plication can be visually devastating [1]. Endophthalmitis
rates after GDD surgery are reported at 1–2%, although this
risk is higher in pediatric patients [2, 3].

The risk of endophthalmitis after GDD implantation
persists for years; there have been multiple descriptions of
late-onset endophthalmitis from GDDs. GDD-related
endophthalmitis has been described with all main types of
devices, including the commonly used Baerveldt, Molteno,

and Ahmed designs [1, 2]. An important risk factor for
GDD-related endophthalmitis is exposure of the tube or
plate, which occurs in ~6% of cases [3]. Thus, it is standard
practice to cover the exposed GDD immediately after the
exposure is identified to minimize the risk of endophthal-
mitis [1].

In contrast, there has been no consensus on whether the
GDD needs to be explanted once endophthalmitis has already
developed. Variable results have been reported with both
explantation of the device as part of infection management
and with retaining the device. The GDD can act as a reservoir
of bacteria, thus precluding effective treatment of the infection
with device retention. Conversely, explantation of the device
can result in uncontrolled intraocular pressures and permanent
vision loss from glaucoma [4]. In addition, several case
reports from the 1990s demonstrate adequate infection control
without explantation of the GDD [5, 6], leading some sur-
geons to try to retain the GDD [7].

Furthermore, there is no consensus on whether patients
with GDD-related endophthalmitis should be treated with
pars plana vitrectomy or solely with intravitreal antibiotics.
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The Endophthalmitis Vitrectomy Study, which studied the
treatment of endophthalmitis after cataract surgery,
demonstrated that patients with hand-motion visual acuity
(VA) or better could be successfully treated without
vitrectomy [8]. However, in trabeculectomy bleb-associated
endophthalmitis, there are better VA outcomes in patients
who undergo vitrectomy without stratification by VA [9].
Unfortunately, no such evidence-based guidelines exist for
endophthalmitis related to GDD implantation.

The purpose of this review is to examine the literature
relating to GDD explantation in endophthalmitis and to
report the outcomes a case series of GDD-related endoph-
thalmitis at an academic institution. In addition, we aim to
compare the outcomes of patients treated with pars plana
vitrectomy versus those treated with intravitreal antibiotics
without vitreoretinal surgery.

Methods

Retrospective chart review

A retrospective chart review was performed, identifying all
patients treated for GDD-related endophthalmitis at a large
academic institution between 2014 and 2019. Patients
were included if they had a GDD in place at the time of
their endophthalmitis diagnosis. Patients were excluded
if endophthalmitis clearly developed secondary to eye
pathology unrelated to their GDD, such as a corneal ulcer.
Patient charts were reviewed for VA data, causative
organism, treatment modalities, and length of follow-up.
The Institutional Review Board at the University of Florida,
Florida, United States of America deemed that approval was
not needed for this study. This study adhered to the
guidelines of the Declaration of Helsinki.

Review of the literature

The following search terms were entered into www.
pubmed.gov (United States National Library of Medicine,
National Institutes of Health): “(Glaucoma Implant AND
Endophthalmitis) OR (Glaucoma Drainage Device AND
Endophthalmitis).” The last search was conducted on Jan-
uary 2, 2020. Results were limited to research studies
conducted in humans between 2005 and 2019 that were
written in English. This search yielded 186 articles. All
articles underwent brief review. If the articles were deemed
potentially relevant to this review, more extensive analysis
of the article was performed. Thirty articles were subse-
quently met the inclusion/exclusion criteria below and were
thus included.

Case reports, case series, and original studies were
included; review articles were excluded if they did not

include any primary data. Articles must have discussed
whether the GDD remained in the eye, or if it was
explanted, to be considered for inclusion. Literature that
solely pertained to minimally invasive glaucoma surgery,
and did not include glaucoma tube shunts, were also
excluded. Studies discussing GDDs in both adults and
children were included. Eyes that underwent primary evis-
ceration or enucleation were excluded from analysis.

VA outcomes, incidence of phthisis, incidence of evis-
ceration or enucleation, and the treatment each patient
received were documented from each study, when available.
VA was denoted at baseline (prior to endophthalmitis
diagnosis), at the time of endophthalmitis diagnosis, and
final VA (defined as VA at last follow-up, or the last VA
reported in the study). Changes in VA were calculated by
converting VA measurements to logMAR scale, then by
comparing final VA to both baseline acuity and acuity at the
time of endophthalmitis diagnosis. Only primary data (i.e.,
VA and anatomic outcomes) were extracted from the
available literature to minimize risk of bias.

Statistical analysis

Because the distribution of the changes of VA is not nor-
mally distributed, a nonparametric Kruskal–Wallis test was
used to compare the distribution between VA outcomes of
those that retained the GDD and those that had it explanted.
For the rates of evisceration/enucleation and phthisis, odds
ratios with 95% confidence intervals were calculated from
Proc Freq. Due to small sample sizes in some groups, the
Fisher’s Exact test was used to test the association between
the group and the rates of evisceration/enucleation and
phthisis. All analyses were conducted using SAS 9.4
(NC, Cary).

Results

A total of thirteen patients treated at our center met the
inclusion and exclusion criteria for retrospective chart
review. Their baseline characteristics, VA, and treatments
required are described in Table 1. As part of our institu-
tion’s practice pattern, all patients underwent explantation
of the GDD as part of their endophthalmitis treatment. The
exception to this is patient twelve, who was initially
treated at another facility and referred to our center for
evisceration after he had persistent endophthalmitis and
scleral necrosis unresponsive to multiple surgeries at his
prior facility. The average VA at baseline was logMAR
1.25 (8 eyes) in our cohort, logMAR 2.67 at endophthal-
mitis diagnosis (13 eyes), and logMAR 1.86 at last follow-
up (12 eyes). Length of follow-up varied between 1 month
to 5 years, with an average follow-up of 2 years, excluding
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two patients still undergoing active follow-up due to recent
diagnosis of endophthalmitis. Four eyes (30.7%) had
exposed GDDs at the time of diagnosis. In addition to
explantation of the GDD in all patients except patient
twelve, seven eyes underwent pars plana vitrectomy with
injection of intravitreal antibiotics, while the remaining six
eyes received intravitreal antibiotics without vitrectomy.
Three eyes ultimately underwent evisceration—two for
being blind, painful eyes, and a third for persistent infec-
tion with scleral necrosis. All three eyes that underwent
evisceration had been treated with intravitreal antibiotics
but without a vitrectomy. The underlying organism was
identified in five patients; two eyes grew Pseudomonas
aeruginosa, while one eye each was infected with
coagulase-negative Staphylococcus, Aspergillus niger, and
Neisseria meningitidis.

A summary of literature included in this study is included
in Table 2; a total of thirty articles met inclusion and
exclusion criteria. VA prior to the development of
endophthalmitis, at the time of endophthalmitis, and at the
final follow-up were included, when available. A total of 78
eyes were included in the 30 studies, many of which were
case reports. Three of these eyes were excluded, as they
underwent primary enucleation or evisceration. Fifty eyes
(66.7%) underwent explantation of the GDD, while 25 eyes
(33.3%) retained the GDD. Multiple studies commented
that the GDD appeared grossly infected at the time of
explantation, and the device plate and/or tube grew the same
organism isolated from the vitreous sample [10–12].

For the following analysis, our cohort was combined
with the cases described in the literature. These patients
were separated into two groups; Group 1 had the GDD
explanted as part of endophthalmitis treatment (62 eyes/
70.5%), while Group 2 did not undergo GDD explantation
(26 eyes/29.5%). The average VA at baseline, prior to the
development of endophthalmitis, was logMAR 1.35 in
Group 1 (40 eyes), as compared to 0.92 in Group 2 (17
eyes). At the time of diagnosis of endophthalmitis, the
average VA was logMAR 2.42 in Group 1 (28 eyes) and
2.51 in Group 2 (9 eyes). The timing of final VA varied
both between and within studies, but this generally defined
the VA at the last follow-up visit. The final VA was 2.14 in
Group 1 (46 eyes) and 1.76 in Group 2 (19 eyes). The
change in average logMAR VA was similar in both groups
when comparing final VA to baseline VA (0.88 in Group 1/
39 eyes, 0.85 in Group 2/17 eyes; p= 0.97). LogMAR VA
in Group 1 improved by an average of −0.46 logMAR
between the VA at time of endophthalmitis diagnosis and
final VA (27 eyes), whereas Group 2 improved by an
average of −0.98 logMAR (9 eyes) (p= 0.29).

We then compared the survival of eyes who developed
GDD-related endophthalmitis. One eye in Group 1 became
phthisical (1.6%), while one eye in Group 2 also became

phthisical (3.8%) (OR 0.42, 95% CI 0.03–7.05, p= 0.52).
Three eyes in Group 1 were enucleated or eviscerated
(4.8%), compared to five eyes (19.2%) in Group 2 (OR
0.22, 95% CI 0.05–1.01, p= 0.05). Of note, one of the eyes
that was eviscerated in Group 1 had the GDD explanted
1 week after the endophthalmitis diagnosis, not as part of
the initial treatment.

The outcomes of treating endophthalmitis with solely
intravitreal antibiotics versus vitrectomy were then com-
pared independently. A total of 74 eyes underwent either a
vitreous tap with injection of intravitreal antibiotics and/or
antifungal agents without vitrectomy (“tap and inject”;
Group 3) or received a vitrectomy, typically with con-
comitant intravitreal antibiotics and/or antifungal agents,
at some point during their treatment (Group 4). Group 3
included 46 eyes (62.2%) and Group 4 included 28 eyes
(37.8%). The remaining patients were managed with less
common treatments, such as only systemic antibiotics,
and thus were excluded from this subanalysis. There were
two patients in Group 4 who were initially treated with a
tap and inject, but then later received a vitrectomy for
persistent endophthalmitis; these eyes were then excluded
from the following analysis so that only eyes that received
a tap and inject or immediate vitrectomy were compared
to avoid confounding by delayed vitrectomy. One of the
eyes that received a delayed vitrectomy (5 weeks after
initial endophthalmitis diagnosis) became phthisical and
ultimately received an evisceration. Seven eyes (15.2%)
in Group 3 were ultimately enucleated or eviscerated; no
eyes that received an immediate vitrectomy in Group 4
were eviscerated (OR 1.18, 95% CI 1.04–1.33, p= 0.04).
One eye in Group 3 (2.2%), but no eyes that received an
immediate vitrectomy in Group 4, became phthisical (OR
1.02, 95% CI 0.98–1.07, p > 0.99).

Discussion

Overall, the level of evidence related to guide clinicians on
how to manage GDD-related endophthalmitis is weak. It is
difficult to perform randomized control trials or prospective
studies in this field due to the rare nature of this compli-
cation. While some studies discuss both removal and
retention of these devices, there is generally no rationale
provided as to which devices require removal. No study
commented on the factors that influenced the authors’
decision to explant the GDD. Zheng et al. commented that
only GDDs that were exposed were removed but did not
specify if GDD exposure was the criteria for explantation
[13]. Other authors successfully revised the eroded GDD
without explantation [14]. Thus, management of the GDD
during treatment of endophthalmitis lacks specific guide-
lines in the available literature.
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In studies published since 2005 and including our insti-
tution’s case series, the GDD has been explanted in 70.5%
(62 out of 88) of cases. Multiple studies have cultured the
tube and/or plate and found that these were contaminated
with the same organism isolated from vitreous aspirates.
This supports the argument that the GDD can be a nidus for
infection and should be removed as part of endophthalmitis
treatment [7, 10–12, 15]. In a case report by Park et al., the
GDD was initially retained, and the patient’s endophthal-
mitis was well-controlled with intravitreal and systemic
antibiotics; however, within 10 days, the peritomy site again
became infected [7]. The GDD was subsequently removed
with resultant infection control. As a result, the authors
argued for early explantation of the GDD. In this review,
fewer eyes that had the GDD explanted became phthisical
or required removal, indicating that GDD explantation is
associated with better anatomical outcomes; the difference
in evisceration/enucleation rates was statistically significant.
Given the improved anatomical outcomes and multiple
reports of the GDD being grossly infected with the
endophthalmitis-causing organism, we argue that it is ben-
eficial to remove the GDD.

However, there was no statistically significant difference
in the change in VA from the time of endophthalmitis
diagnosis to final VA between the patients that had the
GDD explanted and those that did not, or in the change in
VA from baseline to final VA. Thus, explanting the GDD is
not associated with a difference in visual outcomes. Inter-
preting this data is challenging, as patients were not ran-
domized to treatment, and VA data are missing from many
of the studies published on this subject. In addition, while
control of intraocular pressure after GDD explantation was
typically not discussed, a few studies suggest that long-term
intraocular pressure was still well-controlled without further
surgery, possibly due to ciliary body damage from
endophthalmitis [10, 16, 17].

Unlike other causes of post-operative endophthalmitis,
such as cataract surgery, there is no study that delineates
whether patients with GDD-related endophthalmitis require
a pars plana vitrectomy as primary treatment of the infec-
tion. None of the literature clearly describes what influenced
the surgeon’s decision to pursue a vitrectomy versus vitr-
eous tap with intravitreal antibiotics as initial treatment of
endophthalmitis; treatment appears to be mostly related to
institutional preference and/or the perceived severity of the
infection. Stewart et al. described a patient who was initially
treated without a vitrectomy and had a recurrence of
endophthalmitis within 1 week. As a result, the patient
ultimately required a vitrectomy, leading the authors to
argue for early vitrectomy and aggressive surgical man-
agement in these patients [15]. A few patients were treated
with systemic antibiotics without direct intraocular anti-
biotics; however, these were rare cases and should not beTa
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considered standard of care [12, 18, 19]. In this review, no
patients that received an immediate vitrectomy required an
evisceration or enucleation, compared to 15.2% of patients
who were treated with solely a tap and inject (p= 0.04).
Rates of phthisis were similar between the two groups.
Early PPV at the time of endophthalmitis diagnosis is
associated with better anatomical outcomes, although more
data are needed to be confident in this conclusion.

This review is limited by the relatively small number of
patients, both in our cohort and patients reported in the
literature since 2005. These small numbers reflect the
relatively infrequent occurrence of endophthalmitis after
GDD implantation. Further limiting our analysis is the fact
that studies included in this review did not always report the
VA, treatment modalities, or outcomes in these patients,
further limiting sample sizes for each of the subanalyses. In
addition, most studies did not provide a rationale for why
treatment modalities (such as PPV or GDD explantation)
were pursued, and no patients were randomized to either
treatment. Thus, there is a risk of confounding. However,
despite these constraints, this study aims to summarize the
available evidence in this field over the past 15 years, as no
such review currently exists for this potentially visually
devastating outcome.

In conclusion, GDD-related endophthalmitis can be
devastating and requires prompt management. Explanting
the GDD removes the nidus for infection and is associated
with lower rates of evisceration/enucleation, but similar
rates of phthisis. VA outcomes are ambivalent regarding
GDD removal, but this data is confounded by a lack of
randomization to explantation versus retention of the GDD,
making interpretation difficult. Similarly, early PPV in
GDD-related endophthalmitis is associated with sig-
nificantly lower rates of evisceration/enucleation but similar
rates of phthisis, and thus early vitrectomy may be bene-
ficial to prevent ultimate loss of the eye. Further studies
directly comparing outcomes in GDD explantation to
retention, and outcomes of PPV versus solely intravitreal
antibiotics, would be helpful in providing more definitive,
evidence-based, guidelines. However, until such data exists,
we favor early vitrectomy with intravitreal antibiotics and
explantation of the GDD based on outcomes from our case
series and the current literature.
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