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Abstract

Purpose To show that an immediate vitrectomy with an intravitreal injection of antibiotics can be an effective approach for the
treatment of acute endophthalmitis following intravitreal injections.

Methods We reviewed all cases of clinical endophthalmitis caused by an intravitreal injection that were treated in our department
between March 2012 and November 2019. Only patients that underwent a vitrectomy within 6 h after presentation to the clinic
and with a documented visual acuity shortly before the causative event were included. Baseline best-corrected visual acuity
(BCVA) before the causative event was compared to BCV A measured within a follow-up period of 8 months (up to 14 months).
Results In total, 30 eyes of 30 patients were included. The BCVA before the intraocular infection was a mean value of 0.55
logMAR, and the BCVA on the day of the endophthalmitis decreased significantly to 1.66 logMAR. Within 2 months following
the pars plana vitrectomy (PPV), the mean BCVA improved to 0.83 logMAR. Eight months following PPV (mean value,
8.20 months; SD, 3.59 months), the mean BCVA was 0.63 logMAR. In the last follow-up interval most of the eyes recovered,
and the BCVA did not differ significantly from baseline. Two eyes underwent further pars plana surgery during the follow-up
period. No enucleation was required.

Conclusion In this study, we have shown that an immediate vitrectomy with subsequent intravitreal injection of antibiotics is an
effective option for treating post-injection endophthalmitis and frequently results in recovery of vision; thus, it should be
performed as early as possible, where available.

Keywords Endophthalmitis - Post-injection endophthalmitis - Postoperative endophthalmitis - Endophthalmitis treatment -
Vitrectomy for endophthalmitis - Endophthalmitis Vitrectomy Study

Key messages

e Endophthalmitis is a sight-threatening postoperative complication
e Immediate PPV with subsequent intravitreal injection of antibiotics can restore BCVA

e PPV should be carried out as early as possible, where available
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Introduction

Postoperative endophthalmitis not only is a severe sight-
threatening complication but also can lead to complete loss
of the affected eye. This complication occurs after intravitreal
injections [1], cataract surgery [2, 3], vitrectomy [4—6], and
after other surgeries such as filtering glaucoma surgery [7].
Unfortunately, even eyes with a good outcome after this com-
plication may remain significantly impacted [8]. Recently,
cases with an excellent visual and morphological outcome
after early and aggressive intervention have been described
[9, 10]. However, these reports contradict the data from the
randomized controlled Endophthalmitis Vitrectomy Study
(EVS) [11], which concluded that pars plana vitrectomy
(PPV) was only beneficial in patients with light perception,
while patients with better visual acuity did not benefit. The
EVS is an excellent landmark study, but its conclusions have
been continuously challenged for a number of reasons: firstly,
its findings cannot be directly applied to recent cases of post-
cataract endophthalmitis because both extracapsular cataract
extraction and scleral tunnel phacoemulsification (the most
common procedure in the past) have been replaced lately by
clear corneal micro-incisional techniques [12]. Furthermore,
cases of endophthalmitis related to intravitreal injections were
not included in this study. Moreover, PPV as a possible inter-
vention for the treatment of postoperative endophthalmitis has
been developed over the past decades in many aspects: the
incisions have become less invasive (from 20 to even 27
gauge) [13], the vitrectomy devices as well as the visualization
methods have evolved, and even the surgical instruments
(e.g., new two-dimensional cutters) can reduce iatrogenic
damage in the inflamed setting of a posterior segment affected
by endophthalmitis. It is mainly assumed that the severity of
postoperative endophthalmitis is related to pathogens using
the vitreous as a scaffold to proliferate; this explains the high
incidence of postoperative endophthalmitis after complicated
cataract surgery with a posterior capsular rupture [14] and
would warrant an early removal of as much vitreous as possi-
ble as early as possible. Another critical factor is the release of
damaging reactive agents following the infection within the
vitreous cavity, again favoring an early and complete removal
of vitreous.

After the publication of the EVS data in 1995, not only
were technical advances in the operating procedure introduced
but also better healthcare with broader and faster access to
vitreoretinal surgery units, yielding earlier interventions and
better surgical outcomes for affected patients. We are there-
fore in the rather peculiar situation that data from an RCT
(randomized controlled trial) are considered outdated.

In the present study, a patient cohort that developed en-
dophthalmitis after previous intravitreal injection and was
subsequently treated in a specialized center was analyzed.
As all patients had been instructed to present immediately to
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the hospital if symptoms compatible with endophthalmitis
arose, the time between disease onset and presentation to our
clinic was very short. From the electronic medical record of
each patient, it was possible to analyze the interval between
presentation to the clinic and the start of surgery. Hence, we
could investigate the effect that an immediate vitrectomy has
on patients with post-injection endophthalmitis.

Materials and methods

This retrospective study was approved by the local Ethics
Committee (approval number 243/14) and followed the dec-
laration of Helsinki.

Electronic patient records were reviewed, and data on their
clinical presentation, examination, microbiology results, and
procedures were gathered.

We retrospectively reviewed all cases of clinical endoph-
thalmitis caused by an intravitreal injection that were treated at
Eye Clinic Sulzbach, Knappschaft Hospital Saar, Germany,
between March 2012 and November 2019. We found a total
of 67 cases. Only those cases that received an immediate vit-
rectomy were included, where “immediate” was defined as the
start of surgery in less than 6 h after presentation. Eight out of
67 cases (12%) received a delayed vitrectomy after more than
6 h and were excluded.

We included only patients that had a documented visual
acuity both in the period before or on the day of the causing
event and in the following months. Twenty-nine out of 67
patients (43 %) were referred to our clinic without reliable data
and thus were excluded. For some patients, we could retrieve
missing data from the referring colleagues.

Preoperative evaluation included BCVA (best-corrected
visual acuity), IOP (intraocular pressure), and a dilated fundus
evaluation as well as ultrasound. The diagnosis was made on
clinical presentation and ultrasound. The predominant symp-
toms were acute decrease of visual acuity accompanied by
pain, a red eye, and hypopyon with or without a fibrinous
anterior chamber reaction upon slit-lamp examination. Using
ultrasound, B-scan vitreous infiltrates could be demonstrated
in most cases.

The primary purpose of this study was to evaluate the
change in BCVA pre- and postoperatively, and postoperative
complications. The baseline BCVA before injection or at the
time of the injection that caused endophthalmitis was com-
pared to the BCVA measured at the time of diagnosis and
throughout two different periods within 14 months of the in-
fective event. Because most of the patients had repeated intra-
vitreal injections afterwards, we did not look at the long-term
development of BCVA because this could be confounded by
the underlying retinal condition. The first follow-up visit took
place within 2 months following PPV (mean value,
24.50 days; SD, 15.02 days). The last follow-up visit took
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place within the following year (mean value, 8.20 months;
SD, 3.59 months). The choice of the specified intervals for
the follow-up visits was also linked to better availability of
retrospective data and consequently the possibility to increase
the size of our patient cohort.

Surgical and pharmacological protocol

Before the start of PPV, an anterior chamber irrigation was
performed in all eyes, and all eyes received a vitreous tap. The
vitreous tap was performed under air without dilution and
without the addition of antibacterial drugs prior to the proce-
dure. The vitreous sample was sent for microbiological exam-
ination using microscopy, bacterial culture, and molecular di-
agnostics (16S pan-bacterial polymerase chain reaction
(PCR)) to the Institute of Medical Microbiology and
Hygiene (Saarland University in Homburg/Saar, Germany).

PPV was performed under a standard ophthalmic operating
microscope (Lumera 700, Carl Zeiss Meditec AG, Germany)
by experienced surgeons only. Depending on the specific sit-
uation, two lenses were used, combined or alone: a 128-
degree fundus lens (Resight®, Carl Zeiss Meditec AG,
Germany) and a handheld contact lens (Landers, Ocular
Instruments, USA). Patients were operated on either under
general or peribulbar anesthesia. A standard 23-gauge,
sutureless vitrectomy system was used (EVA, D.O.R.C.,
Zuidland, Netherlands). No excessive peripheral vitrectomy
or shaving was performed. At the end of the surgery, 1 mg/
0.1 mL vancomycin (Vancomycin Noridem 500, DEMO
Pharmaceuticals GmbH, Germany), 2 mg/0.1 mL ceftazidime
(Ceftazidim-MIP 1 g, MIP Pharma GmbH, Germany), and
1 mg/0.1 mL dexamethasone (Fortecortin Inject 4 mg,
Merck Serono GmbH, Germany) were given intravitreally,
after having removed all ports and the infusion cannula.

All patients received the above-mentioned antibiotics intra-
venously for 1 week (vancomycin, 1 g bid; ceftazidime, 2 g
tid). The topical therapy included 10 mg/mL, 6x/d predniso-
lone acetate (Inflanefran forte, Allergan Pharmaceuticals
Ireland, Ireland), 5 mg/mL qid moxifloxacin (Vigamox,
Novartis Pharma GmbH, Germany), and 5 mg/mL tid
cyclopentolate hydrochloride (Zyklolat EDO, Dr. Mann
Pharma GmbH, Germany). This therapy was tapered subse-
quently based on the individual requirements of each case.

Statistical analysis

To compare trends in BCVA over the four measurement
points (before endophthalmitis, at time of diagnosis, at the first
and last follow-up visit), we applied a mixed-model approach
that has been increasingly adopted in medical research [15,
16]. Beyond this, mixed models are better suited to analyze
repeated-measurement designs than often-used repeated-mea-
surement analysis of variance or non-parametric tests (see [17,

18] for a further discussion of mixed models). We expected
higher visual acuity before endophthalmitis compared to the
time of diagnosis and increasing visual acuity after treatment
(more specifically, a quadratic trend over time). To test this
assumption, we used a mixed model with patients as random
effects and point in time as the fixed effect. The model was
fitted with R (Version 3.6.3) and the lme4 package (Version
1.1-23). Due to the small sample size, we based the estimate
calculation on 1000 bootstrap samples. To further investigate
these results, we derived estimated marginal means from the
mixed model and conducted post hoc tests to compare points
in time with each other.

Results

In total, 30 eyes of 30 patients matched the inclusion criteria
and were included in the study. The mean age of the patients
was 73 years (range 59—-101) at the time of surgery. Eighteen
patients were female and 12 were male. Seven eyes were
phakic, 23 pseudophakic, and none were aphakic.

All patients were diagnosed with endophthalmitis follow-
ing an intravitreal injection. Two eyes received a
Dexamethasone implant (Ozurdex, Allergan Pharmaceutics,
Ireland), one eye was treated with Ocriplasmin (Jetrea,
Oxurion N.V., Leuven, Belgium), and the remaining eyes
received intravitreal injections with VEGF inhibitors.
Underlying conditions for which the patients were treated
intravitreally were age-related macular degeneration (AMD)
in 15 eyes, diabetic macular edema (DME) in nine eyes, and
macular edema following retinal vein occlusion (MEfRVO) in
three eyes. The remaining three cases received intravitreal
drug delivery on the grounds of chronic central serous
chorioretinopathy (CSCR) complicated with secondary cho-
roidal neovascularization (CNV), pseudophakic cystoid mac-
ular edema (Irvine—Gass syndrome), or vitreomacular traction
syndrome (VMTS).

The mean time from causative intravitreal injection to the
diagnosis of endophthalmitis was 3.88 days (range 1.96—
8.07 days).

The mean time between presentation (either the document-
ed time when endophthalmitis was diagnosed by the consult-
ing resident or the time the emergency ward reception scanned
the letter of referral containing the term “endophthalmitis™)
and the start of the vitrectomy was 3:26 h (range 1:35—
5:33 h). All 30 eyes underwent an urgent PPV. Only two eyes
received an air tamponade at the end of surgery. Nineteen
patients underwent surgery under general anesthesia while
eleven were given a peribulbar anesthesia. The mean IOP
was 14.4 mmHg and 14.0 mmHg before and after surgery,
respectively.

The BCVA before the intraocular infection represented a
mean value of 0.55 logMAR. At diagnosis, the patients
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presented with a mean BCVA of 1.66 logMAR. Within 2
months following the PPV, the mean BCVA increased to
0.83 logMAR. Two to 14 months following PPV, the mean
BCVA achieved was 0.63 logMAR. One eye (3.3%)
underwent further pars plana surgery during the follow-up
period because of a retinal detachment and another eye
(3.3%) due to epiretinal gliosis. Two other eyes (6.6%) result-
ed in an unsatisfying BCVA (hand movements and counting
fingers). No enucleation was required.

The mixed model yielded no linear trend of points in time
(b=—0.11,95% CI [- 0.28, 0.05], p=0.176), but a quadratic
trend (b=—0.60, 95% CI [-0.75, —0.45], p<0.001) and a
cubic trend (b=0.52, 95% CI [0.37, 0.69], p<0.001) were
observed. As expected, the negative quadratic trend indicated
higher BCVA logMAR values at the time of diagnosis and
comparatively lower BCVA logMAR values before endoph-
thalmitis and after treatment. Figure 1 illustrates this time
course.

A further investigation of these trends using post hoc tests
of estimated marginal means indicated that the BCVA was
significantly worse at the time of diagnosis compared to be-
fore the endophthalmitis (p <0.001) and compared to the
follow-up measurements (all p < 0.001). Comparisons of oth-
er points in time with each other were not statistically signif-
icant (all p>0.05), except for the comparison of the BCVA
before the infective event with the BCVA in the first follow-
up period (p = 0.042). These results show that the BCVA in
the last follow-up period does not statistically differ from the
BCVA before endophthalmitis (p= 0.891). Results of post
hoc tests are shown in Table 1.

Microbiological test results of vitreous taps were available
for 29/30 cases. Bacterial pathogens were found in 21 speci-
mens, owing to a positivity rate of 72%. Except for one Gram-
negative bacterium (i.e., Citrobacter koseri), all infections

Fig. 1 Line plots displaying the
BCVA before endophthalmitis
(a), at the time of diagnosis (b), at
1st follow-up (c), and at 2nd
follow-up (d). Black points indi-
cate the mean BCVA at a certain
point in time, and vertical lines
represent the standard error of the
corresponding mean. The upper

BCVA LogMAR

0.8

Table 1  Results of post hoc tests based on estimated marginal means
comparing different points in time. Each line indicates the comparison
conducted (i.e., which points in time are compared), the difference of
marginal means, and the corresponding p value

Comparison Difference P

before EO (A) — diagnosis (B) —1.11 <0.001
before EO (A) — follow-up 1 (C) -0.27 0.042
before EO (A) — follow-up 2 (D) -0.07 0.891
diagnosis (B) — follow-up 1 (C) 0.83 <0.001
diagnosis (B) — follow-up 2 (D) 1.03 <0.001
follow-up 1 (C) — 2 (D) 0.20 0.207

For all comparisons, SE =0.10, df =87, and t-values are omitted

were caused by Gram-positive pathogens (97%), with
Staphylococcus epidermidis being the most frequently detect-
ed (17 of 21 cases, 81%). Other bacteria included
Staphylococcus aureus (n=1), Streptococcus mitis (n=1),
and Enterococcus faecalis (n=1; co-detection together with
S. epidermidis in one sample). In one case, Gram-positive
bacteria were observed using microscopy, but the culture
and PCR examinations remained negative; hence, no species
identification was achieved. All Gram-positive pathogens
were susceptible to vancomycin, while C. koseri was suscep-
tible to ceftazidime.

The particular BCVA evolution in the eye that tested pos-
itive for Streptococcus mitis is remarkable. Even though the
time from diagnosis to PPV was only 1:56 h, the patient could
not achieve more than 0.1 ETDRS BCVA after our treatment
(from an ETDRS BCVA of 0.5 before the intravitreal injec-
tion). Correspondingly, the surgeon of this case mentioned a
poor visual outcome prognosis in his report due to massive
central retinal necrosis exceeding the vascular arcades, which
was associated with multiple retinal bleedings.

plot depicts the BCVA on a
logMAR scale, whereas the lower
plot depicts BCVA on the
ETDRS scale 041
034

0.24

BCVA ETDRS

0.1

>
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Discussion

Our results show that an immediate vitrectomy can restore
BCVA in patients suffering from endophthalmitis following
intravitreal injections. No severe postoperative complications
such as phthisis or need for enucleation were observed. To the
best of our knowledge, this is the first study showing pro-
nounced visual recovery with a prompt approach.

In our opinion, these results are important because of the
increasing number of intravitreal injections and thus postop-
erative endophthalmitis cases: the incidence of post-injection
endophthalmitis is as high as 0.095%, according to a 2011
study by a group from Japan [19]. Because the number of
intravitreal injections worldwide is still continuously rising,
and although prophylactic measures such as minimizing oral
flora exposure (by using surgical masks and adhering to a
strict no-talking policy [20, 21]) or applying povidone-
iodine after the placement of the lid speculum [22] are able
to significantly reduce the incidence of this devastating iatro-
genic complication, the absolute number of post-injection en-
dophthalmitis cases is expected to grow due to demographic
changes on the one hand and increasingly available intravitre-
al therapy on the other hand. Therefore, we believe it is im-
portant to establish an adequate protocol in order to maximize
the chance of visual recovery in the case of post-injection
endophthalmitis.

The positivity rate of our results for bacterial pathogens
was 72%, which is slightly higher compared to previous stud-
ies [21, 23, 24]. However, we believe that even in the absence
ofa positive culture or PCR result there is still a high chance of
biased results; possible sources of error can arise from the
vitreous tap itself, the transportation or conservation of the
probe, and lastly from the microbiological analysis.

Our results challenge authors like Chaudhary et al. [25],
who did not show any clear benefits of a vitrectomy compared
to vitreous tap and injection alone if the endophthalmitis was
caused by an intravitreal injection. However, it is important to
mention that patients in this study underwent a vitrectomy
from 1 day to 21 days after the initial tap. Colleagues from
Australia [26] could not show a clear benefit or evidence of
improvement. We attribute this observation to the significant-
ly different time to surgery from our study. Kuhn and Gini
[27] reported better outcomes if the vitrectomy was complete
and included induced posterior vitreous detachment, yet this
was not the case in our patient collective. Yospaiboon et al.
[28] and Durand [29] indicated that the timing is important in
cases of a progressive clinical development (e.g., in strepto-
coccal endophthalmitis). These findings are reflected in newer
guidelines for endophthalmitis treatment following cataract
surgery, as advocated by the ESCRS [30], which recommends
vitreous tap combined with an injection of antibiotics as
second-line therapy, but only if vitrectomy is not possible to
perform.

The exact timeline from presentation in the clinic until
surgery is worth discussing. All patients were treated within
6 h. This information is based on electronic medical records
containing automated time stamps marking the time of admis-
sion and the start of surgery; therefore, these data should be
considered very reliable. Because the majority of the patients
were operated on under general anesthesia, the successful and
timely coordination between different medical specialties
should be emphasized. The results of this study should en-
courage clinicians to prioritize the immediate surgical treat-
ment of endophthalmitis patients in their clinical workflow.
However, it must be mentioned that the time of presentation is
not the time of disease onset. Unfortunately, there is no way to
assess the exact time of disease onset because of highly inter-
individual variances. We strongly believe that this time frame
can be reduced to a minimum if one invests in patient educa-
tion prior to an intravitreal injection. The physician should
give a clear recommendation of immediate presentation in
case symptoms consistent with endophthalmitis arise.

The visual prognosis after post-injection endophthalmitis
or the severity of the infections also depends on factors like the
anatomical locus of the infection and the virulence of the
causing agent. Involvement of the macula or the optic nerve
and the presence of a virulent bacterium like Escherichia coli,
for example, usually have a worse prognosis, even if treated
promptly with a vitrectomy. This could also be seen in one
case of our patient cohort, where the microbiological result
was positive for Streptococcus mitis; the evolution of BCVA
was relatively poor in this particular case. However, upon
clinical presentation, it is not possible to clearly distinguish
more virulent from less virulent microorganisms. Besides, a
precise assessment on central retinal involvement is not pos-
sible in most cases due to reduced fundus insight.

It must be mentioned that there is an ongoing discussion on
whether a vitrectomy is necessary in less severe cases.
Conversely, especially in the case of less virulent organisms,
it must be stated that the disease could be resolved with intra-
vitreal injection of antibiotics alone. Nevertheless, we believe
that our results, especially the low rate of complications in our
patient cohort, demonstrate that it is worth taking the risk of
“overtreatment.”

Our study is limited by the small sample size of 30 patients,
the retrospective approach, and the lack of any control group.
It could be argued that the mean follow-up period of 8 months
is problematic; this could negatively influence visual acuity
but more so due to the underlying condition (e.g., age-related
macular degeneration). Therefore, the last follow-up on visual
acuity should be regarded critically.

Other important questions about the surgical approach also
remain open; we cannot answer the questions regarding the
importance of inducing a posterior vitreous detachment and
systemic antibiotics. It is assumed that after vitrectomy, the
antibiotic concentration decreases rapidly compared to non-
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vitrectomized eyes [31]. Therefore, not performing a complete
vitrectomy and adding a systemic therapy might be advanta-
geous. However, the vitreous body can be considered a scaf-
fold for bacterial proliferation, and the intraocular penetration
of systemic antibiotics is under debate, which favors a com-
plete and early vitrectomy [32]. Although the ESCRS recom-
mends additional systemic antibiotics in severe cases, the EVS
could not show a clear advantage [11, 30, 32]. However, the
antibiotics used for intravenous application in the EVS study
were ceftazidime plus amikacin or ciprofloxacin plus
amikacin, all of which have no activity (ceftazidime) or only
negligible activity for staphylococci and other Gram-positive
pathogens, which account for the vast majority of endophthal-
mitis cases following intraocular injections. Moreover, differ-
ent antibiotics were used intravitreally (vancomycin and
amikacin) in the EVS study. Hence, there is a need for further
studies to characterize the causative agents of endophthalmi-
tis, their respective antimicrobial susceptibility patterns, and
the effects of carefully selected antibiotic regimens on patient
outcome and visual acuity.

A controversial point in the management of acute infec-
tious endophthalmitis is the adjuvant intravitreal use of ste-
roids. An extensive literature review from 2018 concludes that
the burden of proof is on those who recommend the use of
intravitreal steroids while stating that any definitive recom-
mendations must await further trials [33]. Manning et al.
[34] showed that intravitreal dexamethasone as an adjuvant
to intravitreal antibiotics does not improve visual acuity in
patients treated for presumed bacterial endophthalmitis after
cataract surgery. If this is also the case, post-injection endoph-
thalmitis still needs to be clarified. Despite the lack of evi-
dence showing clear benefits, some literature reports conclude
that its use is safe [33, 35] and may even be associated with a
trend toward a lower need for recurrent intravitreal antibiotic
therapy [36]. All patients in our cohort received adjunctive
intravitreal dexamethasone at the end of PPV. We could not
correlate any type of complications related to this; hence, we
support the use of adjuvant intravitreal steroids in presumed
infectious endophthalmitis. The usage of vancomycin should
be regarded critically because of the risk of hemorrhagic oc-
clusive retinal vasculitis (HORV) [37].

We have demonstrated the effectiveness of an immediate
vitrectomy combined with both intravitreal and systemic an-
tibiotics at the end of surgery. These findings were consistent
with a recent study from Australia [10]. Our study suggests
that it is worth investing in patient information and logistics
that can yield a fast transit between diagnosis and surgical
treatment.

As a result of the shift in management possibilities from
1995 to current options and the change in the etiology of
postoperative endophthalmitis, we strongly suggest that indi-
cations for an early vitrectomy in the case of postoperative
endophthalmitis, especially following intravitreal injection,
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should be reassessed in a new multicenter, prospective, and
randomized controlled trial.
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