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ABSTRACT

Introduction: Intracameral cefuroxime is com-
monly used as a prophylaxis against endoph-
thalmitis following cataract surgery. While its
effectiveness is well-documented, concerns
remain regarding potential toxicity. Intracam-
eral cefuroxime ocular toxic syndrome (ICOTS)
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is characterized by acute, extensive, and serous
retinal detachment that usually resolves spon-
taneously. However, the long-term effects of
ICOTS have not yet been studied. This study
aims to provide new insights into ICOTS using
multimodal imaging, retinal electrophysiology,
and perimetry to assess both acute and chronic
functional and structural changes in eyes with a
disrupted intraocular vitreous barrier.

Methods: This retrospective case series
included four patients affected by ICOTS who
underwent cataract surgery with standard-dose
intracameral cefuroxime (1.0 mg/0.1 ml). Three
patients had previously undergone pars-plana
vitrectomy and one patient had undergone ante-
rior vitrectomy. Patients were followed up to 1
year after surgery. Evaluations included optical
coherence tomography (OCT), ultra-wide-field
(UWF) OCT-angiography (OCTA), automated
perimetry, and multifocal electroretinography
(ERG) at the preoperative visit (TO) and at 1 day
(T1), 1 week (T2), 1 month (T3), 6 months (T4),
and 1 year (T5) after cataract surgery.

Results: At T1, all patients had acute extensive
serous retinal detachments. UWF-OCTA revealed
increased superficial vessel density during the
acute phase, with only partial restoration at
follow-up. Two cases had permanent structural
damage to the outer retina. Functional assess-
ments showed transient changes in multifocal
ERG responses, returning to near-normal levels
within T3. Best-corrected visual acuity worsened
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at T1 and improved after the subretinal fluid
resolution (T2).

Conclusion: Intracameral cefuroxime ocular
toxic syndrome may induce persistent retinal
changes despite fluid resolution in eyes with a
disrupted intraocular barrier due to prior vit-
rectomy. Early OCT assessment can help to
identify this condition. Further investigation,
incorporating UWF-OCTA and ERG for a com-
prehensive assessment of ICOTS, along with
revised informed consent protocols for patients
undergoing cataract surgery with this antibiotic
prophylaxis, may be indicated when risk factors
are identified.

PLAIN LANGUAGE SUMMARY

Cataract surgery is one of the most common
procedures worldwide. To prevent infection
after surgery, ophthalmologists often inject
an antibiotic called cefuroxime into the eye.
While this method effectively reduces the risk
of serious eye infections, it can also lead to ocu-
lar toxicity, potentially causing temporary or
even permanent damage to the retina. In this
study, we examined four patients who devel-
oped fluid accumulation under the retina after
receiving cefuroxime during cataract surgery.
These patients had a weakened intraocular bar-
rier due to previous surgery or intraoperative
complications. The day after cataract surgery,
all patients complained of blurred vision due to
acute retina toxicity. Although the retinal fluid
disappeared after 1 week, advanced imaging and
functional techniques performed up to 1 year
indicated that these patients experienced long-
term changes in their retina, including decreased
blood flow and permanent structural alterations.
Our findings suggest that patients with a dis-
rupted intraocular barrier may be at a higher risk
of developing this toxicity. Ophthalmologists
should consider this risk when choosing anti-
biotics for infection prevention and should also
inform patients about the potential of ocular
toxicity. Early detection with optical coherence
tomography and careful patient monitoring can
help manage this complication.

Keywords: Cataract surgery; Endophthalmitis
prophylaxis; ICOTS; Intracameral cefuroxime
ocular toxic syndrome; Retinal drug toxicity;

Retinal electrophysiology; Serous retinal
detachment; Ultra-wide-field imaging;
Vitrectomy

Key Summary Points

Why carry out this study?

Intracameral cefuroxime is widely used for
endophthalmitis prophylaxis after cataract
surgery, but its potential retinal toxicity in
eyes with a disrupted intraocular barrier is
poorly studied.

This study aimed to assess the acute and
chronic functional and structural effects
of intracameral cefuroxime ocular toxic
syndrome (ICOTS) in eyes with disrupted
intraocular barrier.

What was learned from the study?

Structural and functional retinal changes
were identified using multimodal imaging,
electroretinography, and automated perim-
etry. These changes persisted even after the
resolution of subretinal fluid.

ICOTS may cause lasting retinal changes in
eyes with pars-plana vitrectomy or anterior
vitrectomy, underscoring the need for preop-
erative awareness and comprehensive postop-
erative assessment.

INTRODUCTION

Intracameral injection of cefuroxime at the rec-
ommended dose of 1.0 mg in 0.1 ml solution
has become a routine practice in Europe for the
prophylaxis of postoperative endophthalmitis
following cataract surgery. The European Soci-
ety of Cataract and Refractive Surgeons (ESCRS)
multicenter study demonstrated that intracam-
eral cefuroxime significantly decreases the post-
operative endophthalmitis rate after cataract
surgery [1]. However, the effectiveness of this
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procedure remains a topic of debate [2, 3] and,
additionally, its use remains off-label in the USA
[4].

Cefuroxime retinal toxicity primarily mani-
fests as extensive serous macular detachment.
This condition can be differentiated from pseu-
dophakic cystoid macular edema (Irvine-Gass
Syndrome) based on the timing of onset and the
imaging features [S]. The fluid typically resolves
spontaneously within 1 or 2 weeks, leading to an
apparently benign prognosis [6]. However, cases
with poor visual outcomes have been reported
[7, 8].

To our knowledge, no study has evaluated
the characteristics of this condition using tech-
niques other than optical coherence tomogra-
phy (OCT) and fluorescein angiography during
or after the acute phase of toxicity in eyes with
a disrupted intraocular barrier. The aim of the
study reported here was to provide new insights
into intracameral cefuroxime ocular toxic syn-
drome (ICOTS) after cataract surgery using ultra-
wide-field [9] OCT angiography (UWF-OCTA)
combined with retinal electrophysiology and
perimetry. We monitored and documented both
acute and chronic functional and structural
changes.

Considering the known effects of cefuroxime
toxicity and their potential exacerbation in eyes
with a disrupted intraocular barrier, which may
facilitate drug penetration from the anterior
chamber to the retina, we hypothesized that
patients with a history of pars-plana vitrectomy
(PPV) or anterior vitrectomy would exhibit pro-
longed structural and functional retinal changes
following intracameral cefuroxime injection.

METHODS

We present a retrospective case series involv-
ing four patients with no concomitant sys-
temic diseases who experienced serous retinal
detachments due to intracameral cefuroxime
toxicity (administered at a standard dose of
1.0 mg/0.1 ml solution), which appeared the
day after cataract surgery. All patients had a
disrupted vitreous architecture representing a
natural intraocular diffusion barrier between the

anterior chamber and the retina. Patients under-
went a complete ophthalmological evaluation,
including best-corrected visual acuity (BCVA)
assessment, 30-2 standard automated perimetry
(Humphrey Field Analyzer; Carl Zeiss Meditec
AG, Jena, Germany), multifocal electroretinog-
raphy (ERG) using Retimax ointment (CSO, Flor-
ence, Italy), ultrasonography (Eye Cubed Ultra-
sound System; Ellex, Inc., Lumibird Medical,
Cournon-d’Auvergne, France), spectral-domain
OCT with Spectralis (Heidelberg Engineering,
Heidelberg, Germany), and swept-source (SS)
UWEF-OCTA with VG200S (SVision Imaging,
Henan, China). Functional and structural exam-
inations performed were retrospectively evalu-
ated at the preoperative visit (TO) and at 1 day
(T1), 1 week (T2), 1 month (T3), 6 months (T4),
and 1 year (T5) after cataract surgery.

The study was performed in accordance with
the Helsinki Declaration of 1964 and its later
amendments. The study was approved by the
Internal Review Board of the University of
Tor Vergata (ethics approval ID: 263.22). Writ-
ten informed consent was obtained from all
participants for the use of the data and their
publication.

CASE PRESENTATIONS

Table 1 summarizes the demographic, clinical,
functional, and structural characteristics of the
patients included in the present study.

Case 1

A 65-year-old Caucasian woman with no rel-
evant systemic diseases underwent uncom-
plicated cataract surgery in the right eye. The
patient had undergone PPV with internal lim-
iting membrane (ILM) peeling for an epireti-
nal membrane 1 year prior. Preoperative visual
acuity was 20/50. OCT showed no retinal fluid,
and OCTA exhibited normal retinal vasculature.
The day after cataract surgery, the patient com-
plained of worsening vision despite anterior seg-
ment examination showing no opacity. BCVA
was 20/100, and perimetry showed a marked
reduction in differential light sensitivity in the
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Table 1 Demographic and clinical characteristics of the
patients who underwent cataract surgery with intracameral

cefuroxime injection at the standard dose of 1.0 mg/0.1 ml

xime ocular toxic syndrome

solution and subsequently developed intracameral cefuro-

Demographic and Case number
clinical characteristics 1 > 3 4
Age (years) 65 51 64 79
Gender Female Male Female Female
Ethnicity Caucasian Caucasian Caucasian Caucasian
Preoperative condition
BCVA (Snellen) 20/50 20/32 20/40 20/32
OCT ILM pecling outcomes, Normal ILM peeling outcomes, Normal
normal outer retina, normal outer retina,
no fluid no fluid
Cause of disrupted intraocular barrier
Preoperative PPV with ILM peeling PPV PPV with ILM peeling None
Intraoperative None None None Posterior capsule
rupture and ante-
rior vitrectomy
One day after surgery
BCVA (Snellen) 20/100 20/70 20/100 20/100
OCT Multiple serous retinal ~ Multiple serous retinal  Multiple serous retinal ~ Multiple serous reti-
detachments detachments detachments nal detachments
Final outcome (last follow-up)
BCVA 20/20 20/20, metamorphop-  20/25 20/25
sia
OCT ILM peeling outcomes, Focal foveal ellipsoid ILM peeling outcomes, Foveal outer retina
normal outer retina, zone defect, no fluid normal outer retina, atrophy, no fluid
no fluid no fluid
OCTA Decreased vessel Decreased vessel Not available Not available
density density

Automated perimetry
(30-2)
Multifocal ERG

Below normative limits

Impaired for one
month, then returned

to normal values

Not available

Not available

Below normative limits

Not available

Below normative
limits

Not available

For detailed information regarding the functional and structural evaluations associated with each assessment period, refer to

the text

BCVA Best-corrected visual acuity, ERG electroretinography, /LM internal limiting membrane, OCT optical coherence

tomography, OCTA optical coherence tomography angiography, PPV pars-plana vitrectomy
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central 30 degrees. The patient subsequently
underwent a UWF-OCT examination, which
revealed large serous retinal detachments at the
posterior pole and mid-peripheral retina con-
sistent with acute cefuroxime toxicity. Hyper-
reflective SS-OCT foci in the vitreous chamber,
which were not visible on ultrasound, were also
detected. OCTA showed increased superficial
vessel density (SVD) involving the posterior pole
and the retinal mid-periphery. The multifocal
ERG showed decreased amplitude responses in
the affected eye.

The patient was comforted about the likely
temporary nature of the edema, and follow-up
assessments were scheduled.

After 1 week (T2), the serous detachments
resolved spontaneously, and the BCVA reached
20/20 and remained stable until TS. OCTA
revealed a decrease in SVD compared to TO,
and this was only partially restored at T3 and
T4 but did not return to TO values. After 1 year
(T5), SVD showed a further decrease, but a
reduction in internal retinal thickness was also
observed. Perimetry showed a constant improve-
ment in foveal sensitivity and main deviation
but remained below the normative limits. The
multifocal ERG showed a reduction in ampli-
tude responses at T2 compared to the fellow
eye, which exhibited nearly normal amplitude
responses. After 1 month (T3), the affected eye’s
multifocal ERG amplitude returned to normal
levels and remained stable through TS.

Case 2

A 51-year-old Caucasian man with no relevant
systemic diseases underwent uncomplicated
cataract surgery in the right eye. The patient
had undergone PPV for rhegmatogenous retinal
detachment not involving the macula 6 months
prior. Preoperative BCVA was 20/32, and OCT
showed no retinal fluid. The day after cataract
surgery, the anterior segment examination was
unremarkable, but the patient complained of
worsening vision, and the BCVA was 20/70.
The patient then underwent UWF-OCT exami-
nations, which showed acute cefuroxime tox-
icity with large serous retinal detachments at
the posterior pole and mid-peripheral retina.

Hyperreflective SS-OCT foci in the vitreous
chamber, not visible at ultrasonography, were
also detected. UWF-OCTA revealed a significant
increase in SVD compared to the fellow eye.

At T2, OCT showed the absence of retinal
fluid, but a focal defect of the ellipsoid zone,
not present at TO, was highlighted. The BCVA
was 20/20, but the patient reported metamoz-
phopsia. This condition persisted until the last
follow-up at T3. OCTA demonstrated a gradual
decrease in SVD at T2 and T3 compared to T1.

Case 3

A 64-year-old Caucasian woman with no rel-
evant systemic diseases underwent uncom-
plicated cataract surgery in the right eye. The
patient had undergone PPV with ILM peeling
for a lamellar macular hole 1 year prior. Pre-
operative BCVA was 20/40, and OCT showed
no retinal fluid. The day after cataract surgery,
BCVA was 20/100, and the anterior segment was
within limits. Perimetry showed a marked reduc-
tion in light sensitivity in the central 30 degrees.
The patient then underwent an OCT examina-
tion, which showed large serous retinal detach-
ments consistent with acute cefuroxime toxicity.

At T2, OCT showed no retinal fluid, and the
BCVA was 20/25. The perimetric foveal and mac-
ular sensitivity constantly improved compared
to T1 but remained below the normative values
until the last follow-up at T3.

Case 4

A 79-year-old Caucasian woman without rel-
evant systemic or ocular diseases underwent
cataract surgery in the left eye complicated by
posterior capsule rupture and anterior vitrec-
tomy. Preoperative BCVA was 20/32, and OCT
was within normal limits. The day after cata-
ract surgery, the patient complained of wors-
ening vision despite anterior segment exami-
nation showing no opacity. BCVA was 20/100,
and perimetry showed a marked reduction in
differential light sensitivity in the central 30
degrees. The patient then underwent an OCT
examination, which showed large serous retinal
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detachments compatible with acute cefuroxime
toxicity.

At T2, OCT showed the absence of retinal
fluid but highlighted partial atrophy of the outer
retina involving the foveal ellipsoid zone, which
was not present at TO. The BCVA was 20/25. The
differential light sensitivity improved compared
to T1 but remained below the normative values.
This condition persisted until the last follow-up
at T3.

DISCUSSION

Cefuroxime retinal toxicity is a condition
described in the literature following either erro-
neous high doses or standard doses of intracam-
eral injection [10-12]. We assume this condition
is likely to be underestimated because an OCT
examination is not routinely performed during
the week following surgery when serous retinal
detachments can be detected.

To the best of our knowledge, studies eval-
uating the safety of intracameral cefuroxime
injection after cataract surgery, with or without
perioperative capsular rupture, have examined
the incidence of macular edema only after at
least 2 weeks post-surgery, when the edematous

phase of ICOTS has concluded [13, 14]. A poten-
tial explanation could be the confusion of the
condition with pseudophakic macular edema,
which is typically an inflammatory and non-
toxic disease [5].

In 2018, the Royal College of Ophthalmol-
ogy issued a safety alert regarding intracameral
cefuroxime in which it recommended avoiding
this drug whose summary of product character-
istics specifically warns against its intraocular
use [15]. Moreover, a recent pharmacovigilance
study emphasized the need for caution regarding
ocular toxicity when cefuroxime is administered
intraocularly [16].

We evaluated four patients diagnosed with
ICOTS using both structural and functional
methods, even after fluid resolution. This
approach helped us identify additional aspects
of the disease.

The UWEF-OCT examination revealed that
both the posterior pole and the mid-periphery of
the retina were affected (Fig. 1). During the acute
phase, we also detected SS-OCT hyperreflective
foci in the vitreous chamber that were not vis-
ible on ultrasonography (Fig. 2). These foci par-
tially persisted until 1 year after surgery. In two
patients, the resolution of the macular serous
retinal detachment led to visible structural OCT
damage of the outer retina, which is likely to

Fig. 1 Ultra-wide-field swept-source optical coherence tomography during acute intracameral cefuroxime ocular toxic syn-

drome
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Fig.2 Ultra-wide-field optical coherence tomography during acute intracameral cefuroxime ocular toxic syndrome. Arrows
indicate hyperreflective foci. Image contrast has been adjusted for vitreous visualization

Fig. 3 Spectral-domain optical coherence tomography of case 2 (left) and case 4 (right), showing images at the preoperative
evaluation (top), the day after surgery (middle), and 1 week after surgery (bottom)
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Fig. 4 Ultra-wide-field swept-source optical coherence tomography angiography at the time of acute cefuroxime ocular

toxic syndrome (left) and at 6 months after surgery (right)

be permanent (Fig. 3). UWEF-OCTA revealed an
increase in SVD in the posterior pole and mid-
periphery during the acute phase, while at the
resolution of subretinal fluid, SVD decreased; it
was only partially restored but did not return to
preoperative values after 12 months. The deep
vascular complex, choriocapillaris, and cho-
roidal circulations did not appear to be dam-
aged. Vascular involvement included not only
the macular region but also the retinal mid-
periphery (Fig. 4). Multifocal ERGs, after the loss
observed at T1-T2, showed a gradual recovery of
the foveal response amplitude at T3-T5 (Fig. 5).

Our results are consistent with the hypoth-
esis that intracameral cefuroxime at the stand-
ard dose can cause retinal toxicity in eyes with
a disrupted intraocular barrier. The observed
serous retinal detachments and persistent func-
tional alterations support the hypothesis that

cefuroxime may penetrate the posterior segment
in such cases, leading to transient but poten-
tially irreversible retinal changes. The structural,
vascular, and electrophysiological findings fur-
ther suggest that the drug affects retinal struc-
ture and function beyond the acute phase.

It has been shown that intravitreal cefuroxime
induces toxic damage to the inner retina and
vascular cells and provokes an inflammatory
response in endothelial cells [17]. A retrospec-
tive study found that over two-thirds of vitrec-
tomized eyes receiving BSS perfusion solution
containing cefuroxime sodium (1 mg/ml) devel-
oped macular edema [18].

Three of our patients had previously under-
gone PPV, and one had experienced intraopera-
tive posterior capsule rupture requiring anterior
vitrectomy. These procedures could be con-
sidered potential risk factors. PPV or anterior
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vitrectomy may increase the risk of ICOTS by
disrupting the vitreous architecture and facilitat-
ing drug penetration from the anterior cham-
ber to the retina. Of note, the most severe docu-
mented cases in the literature, contributing to a
poor visual prognosis, were associated with pos-
terior capsule rupture and anterior vitrectomy,
which is consistent with our hypothesis [7, 8].

We suggest evaluating whether to revise the
informed consent form to inform patients of the
possible risks of ICOTS when administering this
antibiotic prophylaxis, particularly if a known
risk factor is present. Our findings support the
value of performing an OCT examination on
the day after surgery if there is a discrepancy
between the ophthalmoscopic appearance of the
anterior segment of the eye (clear ocular media)
and the patient’s BCVA. UWF-OCTA can be use-
tul for assessing retinal vascular involvement
in a condition that causes exudative retinal
detachments in both the macula and peripheral
retina. Multifocal ERG may also contribute to
the functional evaluation of acute cefuroxime
retinal toxicity.

The limitations of the present study include
its retrospective design, small sample size, lack
of a control group, and relatively short follow-up
period. Future long-term prospective case—con-
trol studies with larger populations will be essen-
tial to determine whether cefuroxime toxicity
could lead to irreversible structural and func-
tional damage.

CONCLUSION

This study provides new information regarding
retinal toxicity following standard-dose intra-
cameral cefuroxime injection during cataract
surgery. The drug’s toxicity may cause persis-
tent retinal changes even after serous retinal
detachments have resolved, with functional and
structural alterations that may continue for at
least 1 year after surgery. Eyes that have under-
gone PPV or anterior vitrectomy may be at a
higher risk of developing ICOTS. Ophthalmolo-
gists should be aware of this potential risk and

To T T2

Fig.5 Multifocal electroretinography amplitude responses
over time (top), and optical coherence tomography angiog-
raphy superficial vessel density over time (bottom). Time
points: 70 preoperative visit, 77 1 day post-cataract sur-

T3 T4 5

gery, T2 1 week post-cataract surgery, 73 1 month post-
cataract surgery, 74 6 months post-cataract surgery, 75 1
year post-cataract surgery
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consider informing patients about the possibility
of ICOTS in these situations.
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