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ABSTRACT

Intravitreal therapy for diabetic macular edema
can, in susceptible patients, increase intraocular
pressure (IOP). As uncontrolled IOP can poten-
tially be sight threatening, monitoring is an
essential component of patient management. It
can be challenging for retina specialists to
ensure that monitoring is rigorous enough to
detect and resolve any potential problems at the
earliest opportunity without it also being over-
burdensome for patients who have the lowest

risk of developing an IOP rise. We have devel-
oped dynamic algorithms that: (1) tailor the
frequency and extent of monitoring according
to individual susceptibility and current IOP and
(2) assist retina specialists in deciding when
they should consider a referral to a glaucoma
specialist. One algorithm is for patients with a
relatively low susceptibility to developing an
IOP rise (those whose baseline IOP
is\22 mmHg and who do not have a history of
IOP events). Depending on their first post-im-
plantation IOP check, the algorithm classifies
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UMR-CNRS 5510 Matéis, University Lyon 1,
Villeurbane, France
e-mail: laurent.kodjikian@chu-lyon.fr

M. Nicolò
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them as: low risk if IOP remains\22 mmHg;
medium risk if IOP is 22–25 mmHg and any rise
from baseline is\ 10 mmHg; or high risk if IOP
is[25 mmHg or any rise from baseline
is C 10 mmHg. Thereafter, the algorithm guides
on the frequency and extent of monitoring
required in each of these groups and, if IOP rises
or falls during treatment, patients may move up
or down the risk groups accordingly. A different
algorithm is provided for patients who are more

susceptible to developing an IOP rise (those
with a baseline IOP of C 22 mmHg or a prior
history of an IOP event). These patients need
monitoring more closely so this algorithm has
only medium- or high-risk classifications. These
algorithms update the previous monitoring
guidance by Goñi et al. (Goñi et al. in Oph-
thalmol Ther 5:47–61, 2016).

Graphical Abstract:

Intravitreal Cor�costeroid Implanta�on in Diabe�c Macular Edema: 
Updated European Consensus Guidance on Monitoring and Managing 
Intraocular Pressure
Francisco J Goñi; Keith Barton; José António Dias; Michael Diestelhorst; Julián Garcia-
Feijoo; Anton Hommer; Laurent Kodjikian; Massimo Nicolò

OUR SOLUTION

We developed two algorithms:

One for pa�ents with a rela�vely low One for pa�ents with a higher inherent
inherent suscep�bility to developing suscep�bility to developing an IOP rise
an IOP rise (baseline IOP ≥ 22 mm Hg OR  
(baseline IOP < 22 mm Hg without   a history of an IOP event)
a history of an IOP event)        

For each pa�ent, the physician should:
- Decide which algorithm should be used     
- Then, use the current IOP to ascertain the current risk (low, medium, or high) 

of an IOP rise that is poten�ally concerning and follow the appropriate 
guidance. If IOP changes at subsequent visits, the risk level and guidance may 
also change.

OUTCOMES

The algorithms tailor the frequency and extent of IOP monitoring according to 
individual suscep�bility and current IOP, increasing monitoring when needed and 
reducing it when the risk appears low.

They help:
- Ensure pa�ents with a poten�ally concerning IOP rise a�er an intravitreal 

cor�costeroid implant are detected promptly
- Ensure monitoring is not unnecessarily burdensome in lower risk pa�ents
- Assist re�na specialists in deciding when they should consider referring pa�ents 

to a glaucoma specialist.

The graphical abstract represents the opinions of the 
authors. For a full list of declara�ons, including funding and 
author disclosure statements, please see the full text 
online. © The authors, CC-BY-NC2021.

THE PROBLEM

Some pa�ents experience a rise in intraocular pressure (IOP) a�er intravitreal therapy 
for diabe�c macular edema. 

Uncontrolled IOP can be a threat to sight and, as it is not known which pa�ents will 
be affected, all pa�ents receiving an intravitreal cor�costeroid need regular IOP 
monitoring throughout the lifespan of their intravitreal treatment.

It can be challenging for re�na specialists to ensure that IOP monitoring is:
- Rigorous enough to detect poten�al problems at the earliest opportunity, and
- Not overburdensome for pa�ents with the lowest risk of developing an IOP rise.
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PLAIN LANGUAGE SUMMARY

Some people with diabetes have macular
edema, which is a swelling of the central part of
the retina (the tissue that lines the back of the
eye). This swelling can threaten eyesight if
untreated.

Injecting a drug such as a corticosteroid into
the eye can help treat the condition. Sometimes
this has a side effect of increasing intraocular
pressure (pressure within the eye). A small or
short-lived rise in eye pressure should be no
cause for concern, but it is very important to
ensure the pressure is not too high for too
long—because this could lead to the loss of
eyesight. To prevent this happening, an eye
doctor needs to check the eye pressure regularly.

Some people are more susceptible to this
problem—for example, people who have had
any problems related to eye pressure in the past
or people whose eyes already have a higher than
normal pressure even before treatment. People
who are most susceptible may need more types
of checks and more frequent checks to ensure
that any problems are found and treated
quickly.

We have developed flowcharts that help eye
doctors decide which checks are needed and
how often based on what the doctor knows
about the person’s eye before treatment and
what they see at each check-up after treatment.
They help doctors make sure that everyone has
check-ups at the right time and they help doc-
tors spot any problems early so that they can be
resolved before long-lasting damage can occur.

Keywords: Consensus; Corticosteroid; Dexa-
methasone; Diabetic macular edema;
Fluocinolone acetonide; Glaucoma; Implant;
Intraocular pressure; Intravitreal; Triamcino-
lone acetonide

Key Summary Points

The intravitreal administration of
treatments for diabetic macular edema
can, in susceptible patients, increase
intraocular pressure (IOP).

Increased IOP can threaten sight if not
detected and treated promptly.

It is not possible to determine before
treatment which patients will experience
an IOP rise but those with a relatively high
baseline IOP, a previous IOP rise, or a
history of glaucoma may be more
susceptible.

IOP should be monitored in all patients
throughout the lifespan of their
intravitreal treatment, with closer
monitoring in those most at risk.

Algorithms are proposed that tailor the
frequency and extent of monitoring
depending on individual susceptibility
and current IOP, with the aim of ensuring
that any potentially problematic IOP rise
is detected and treated promptly while
allowing a lower level of monitoring in
patients with a low risk.

INTRODUCTION

Treating diabetic macular edema (DME) often
necessitates the intravitreal administration of
anti-VEGF products and/or corticosteroids,
either of which can increase intraocular pres-
sure (IOP) in susceptible patients [1–7]. Ocular
hypertension is an important risk factor for
primary open-angle glaucoma and, if untreated,
can lead to optic nerve damage and vision loss
[8, 9]. Transient ocular hypertension is not
generally considered a problem providing that

Ophthalmol Ther (2022) 11:15–34 17



the risk for glaucoma development is mini-
mized [10], but early detection and treatment of
an IOP rise are critical to ensuring that it
remains transient. IOP monitoring is therefore
an essential component of patient management
after intravitreal therapy.

This commentary focuses on the issue of IOP
monitoring after intravitreal administration of
corticosteroid implants. Two such implants are
approved for use in DME in Europe—a 700 lg
dexamethasone implant (Ozurdex�; Allergan
Ltd., Marlow, UK) that offers efficacy for up to
approximately 6 months [6] and a longer-acting
implant that offers continuous daily dosing of
fluocinolone acetonide at 0.2 lg/day for up to
3 years (ILUVIEN�; Alimera Sciences Ltd.,
Aldershot, UK [7]). Some physicians also inject
triamcinolone acetonide intravitreally for the
treatment of DME. However, such usage is off-
label in Europe, and this product is an
injectable suspension rather than an implant
(so provides a bolus dose rather than the slower
release that is possible with an implant).

Corticosteroid-induced rises in IOP may be
related to histological changes in the trabecular
extracellular lamina increasing the trabecular
resistance to the outflow of aqueous humour
[11, 12] and possibly also trabecular fouling due
to the repeated injection of silicone present in
syringes and needles [13]. The development of
corticosteroid-induced glaucoma may be related
to environmental factors and gene locus inter-
actions [12]. Although it is not possible to
determine prior to treatment which patients
will experience an IOP rise, several risk factors
have been identified. These include: prior ocular
hypertension or glaucoma [14–17], especially
glaucoma treated with dual or triple therapy
[18]; a history of an IOP rise or a prior or current
need for IOP-lowering treatment [19–21]; a rel-
atively high baseline IOP [14, 20, 22]; myopia
[23]; axial length [24]; type 1 diabetes [18]; age
[18, 24]; and Latino and South Asian ethnicity
[25]. Furthermore, other factors such as implant
positioning can also affect the risk post-im-
plantation [26].

Although intravitreal corticosteroid implants
are likely to be initiated by retina specialists, the
potential complication of an IOP rise is an area
in which glaucoma specialists have particular
expertise. As a result, good communication
between retina specialists and glaucoma spe-
cialists is needed for optimum patient out-
comes. Guidance to assist retina specialists on
the monitoring and management of IOP after
intravitreal corticosteroid treatment of DME
was published in 2016 [10]. This was 4 years
after the first European license approval for the
fluocinolone acetonide implant and at that
time clinical data with this implant, and espe-
cially real-world clinical experience, were lim-
ited. Given the increase in clinical experience
accumulated since then and the greater number
of publications in the literature about corticos-
teroid implants—including, importantly, sev-
eral long-term evaluations and numerous real-
world evaluations (Table 1)—it is timely to
revisit and update the guidance from 2016.

A group of six glaucoma specialists (FG, KB,
JAD, MD, JGF, and AH) and two retina special-
ists (LK and MN) from across Europe gathered
online in January and March 2021 to update the
previous consensus guidance for retina special-
ists. Their recommendations are presented here
and are designed to be suitable for implemen-
tation across Europe, subject to local adapta-
tions in individual institutions and countries as
needed. Key changes from the earlier guidance
include:

– Closer monitoring in patients who are most
susceptible to developing an IOP rise (i.e.,
those with a baseline IOP of C 22 mmHg or
a prior history of an IOP event)

– Closer monitoring in patients whose IOP
increases C 10 mmHg from baseline

– Greater clarity on the timing of monitoring
visits

– Greater flexibility for retina specialists
regarding when to initiate IOP-lowering
medication and when to refer to a glaucoma

18 Ophthalmol Ther (2022) 11:15–34
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specialist (which helps overcome logistical
difficulties where local facilities are lacking)

– Greater clarity on the stepwise introduction
of treatments when IOP exceeds 25 mmHg
and a de-emphasizing of the potential use-
fulness of selective laser trabeculoplasty as
monotherapy in this scenario

– The incorporation of a dynamic feedback
mechanism which means the guidance con-
tinually adapts in line with the latest IOP
measurement (to ensure it accurately reflects
the current risk level throughout what could
be a lengthy period of monitoring).

This article is based on previously conducted
studies and does not contain any new studies
performed by any of the authors.

OVERVIEW OF RECENT KEY DATA

Key data published since the previous guidance
in 2016 regarding IOP and IOP-lowering treat-
ment following intravitreal corticosteroid
implantation are detailed in Table 1, and an
overview of the key findings are summarized in
Table 2. Overall, these recent data confirm that
intravitreal corticosteroid implantation can be
associated with a risk of ocular hypertension in

22–25 mm Hg and 
rise from baseline 
is < 10 mm Hg

< 22 mm Hg 22–25 mm Hg > 25 mm Hg 

Move to LOW RISK 
(box A)

Move to MEDIUM RISK 
(box B)

MEDIUM RISKLOW RISK

< 22 mm Hg 22–25 mm Hg if any IOP rise 
from baseline < 10 mm Hg 

> 25 mm Hg or IOP rise from 
baseline ≥ 10 mm Hg

IOP not back to 
baseline but ≤ 25 
mm Hg

IOP back to baseline > 25 mm Hg

Move to LOW RISK (box A) Move to HIGH RISK (box C)

Re�na specialist discre�on to:

Consider referring to 
glaucoma specialist

and/or

Re�na specialist discre�on 
to adapt frequency of IOP 
checks in line with whether 
pa�ent is being observed 
or treated

If IOP is stable (has not 
increased) over last 2 visits:

- Repeat visual field and 
imaging every 6 monthse

If IOP has increased over last 
2 visits:

- Repeat visual field and 
imaging every 3 months 
and share results with 
glaucoma specialist

< 22 mm Hg > 25 mm Hg or rise from    
baseline is ≥ 10 mm Hg

Move to HIGH RISK (box C)Move to 
MEDIUM RISK 

(box B)  

No 
requirement 

for treatment, 
but con�nue 

IOP monitoring 
every 3 months 
a�er standard 
ini�al schedule

Green signifies low risk group, Blue signifies medium risk group, Red signifies high risk group.
a Prior history means IOP rise to > 25 mm Hg or IOP rise of ≥ 10 mm Hg, or prior or current need for IOP -lowering treatment. Note also that, in Europe, advanced glaucoma which cannot be adequately controlled by medicinal products alone is a 

contraindica�on to Ozurdex (intravitreal dexamethasone implants) [6] and pre-exis�ng glaucoma is a contraindica�on to ILUVIEN (intravitreal fluocinolone acetonide implants) [7].
b Standard ini�al IOP monitoring schedule:

– 2–7 days post-implanta�on
– 1 month post-implanta�on
– 2 or 3 months post-implanta�on.

Therea�er, according to risk level indicated in algorithm.
c At a minimum, one visual field should always be recorded even if non contributory (ideally before implanta�on or, if not, wi thin 1 month a�er implanta�on).
d For example, op�cal coherence tomography of op�c nerve disc and/or re�nal nerve fibre layer (ideally before implanta�on o r, if not, within 1 month a�er implanta�on).
e If any change in visual field, op�c disc or re�nal nerve fibre layer is suspected, refer to glaucoma specialist.
f Medica�on, laser, or surgery. If more than one is appropriate, consider pa�ent preferences and likely adherence. Note that selec�ve laser trabeculoplasty is unlikely to be effec�ve as a single treatment when IOP is > 25 mm Hg.
g This could be 2 drugs, either given separately or as a fixed combina�on. 

© Alimera Sciences Ltd. 2021

If on 1 treatment, add 
2nd treatmentg and re-
check in 1–2 weeks

If on 2 treatments, refer 
to glaucoma specialist

Treat with IOP-lowering 
medica�on

CA B

Record visual fieldc and perform imagingd if not done previously

Repeat visual field and imaging if not performed in previous 3 or 6 
months depending on stability of IOP (see lowest box below for criteria)

Record visual fieldc and perform imagingd if not done previously
Repeat visual field and imaging if not performed in previous 3 months

Pa�ents with baseline IOP < 22 mm Hg WITHOUT prior history of IOP eventa

Next IOP checkb
Consider treatmentf within 1–2 weeks according to local 
prac�ce and review IOP within 1–2 weeks of star�ng treatment

Next IOP checkb

1st post-implanta�on IOP check (at 2–7 days post-implanta�onb)

HIGH RISK

Next IOP checkb

Intravitreal cor�costeroid implanta�on

Fig. 1 Algorithm for monitoring and treating patients
who are less susceptible to a rise in intraocular pressure
(IOP) (i.e., patients with a baseline IOP of\ 22 mmHg
and no prior history of an IOP event). Guidance depends

on whether the latest IOP measurement classifies patients
as low risk, medium risk, or high risk for developing a
potentially concerning IOP rise

Ophthalmol Ther (2022) 11:15–34 21



HIGH RISK

≤ 25 mm Hg > 25 mm Hg 

Next IOP checkb

MEDIUM RISK

If on pre-exis�ng IOP-lowering treatment, ≥ 22 mm Hg
Otherwise, > 25 mm Hg or IOP rise from baseline ≥ 10 mm Hg

≤ 25 mm Hg > 25 mm Hg

Re�na specialist discre�on to:

Consider referring to 
glaucoma specialist

and/or

Re�na specialist discre�on 
to adapt frequency of IOP 
checks in line with whether 
pa�ent is being observed 
or treated

If IOP is stable (has not 
increased) over last 2 visits:

- Repeat visual field and  
imaging every 6 monthse

If IOP has increased over last 
2 visits:

- Repeat visual field and    
imaging every 3 months 
and share results with 
glaucoma specialist

Consider treatmentf within 1–2 weeks according 
to local prac�ce and review IOP within 1–2 
weeks of star�ng treatment

Repeat visual field and imaging if not performed 
in previous 3 months

Treat with IOP-
lowering medica�on

1st post-implanta�on IOP check (at 2–7 days post-implanta�onb)
Record visual fieldc and perform imagingd

If on 1 treatment, add 2nd treatmentg

and re-check in 1–2 weeks

If on 2 treatments, refer to glaucoma 
specialist

Blue signifies medium risk group, Red signifies high risk group.
a Prior history means IOP rise to > 25 mm Hg or IOP rise of ≥ 10 mm Hg, or prior or current need for IOP -lowering treatment. Note also that, in Europe, advanced  

glaucoma which cannot be adequately controlled by medicinal products alone is a contraindica�on to Ozurdex (intravitreal dex amethasone implants) [6] and pre-
exis�ng glaucoma is a contraindica�on to ILUVIEN (intravitreal fluocinolone acetonide implants) [7].

b Standard ini�al IOP monitoring schedule:
– 2–7 days post-implanta�on
– 1 month post-implanta�on
– 2 or 3 months post-implanta�on.

Therea�er, according to risk level indicated in algorithm.
c At a minimum, one visual field should always be recorded even if non contributory (ideally before implanta�on or, if not, within 1 month a�er implanta�on).
d For example, op�cal coherence tomography of op�c nerve disc and/or re�nal nerve fibre layer (ideally before implanta�on or, if not, within 1 month a�er 

implanta�on).
e If any change in visual field, op�c disc or re�nal nerve fibre layer is suspected, refer to glaucoma specialist.
f Medica�on, laser, or surgery. If more than one is appropriate, consider pa�ent preferences and likely adherence. Note that selec�ve laser trabeculoplasty is 

unlikely to be effec�ve as a single treatment when IOP is > 25 mm Hg.
g This could be 2 drugs, either given separately or as a fixed combina�on. 

© Alimera Sciences Ltd. 2021

If on pre-exis�ng IOP-lowering treatment, < 22 mm Hg
Otherwise, ≤ 25 mm Hg and any IOP rise from baseline < 10 mm Hg 

Next IOP checkb

Intravitreal cor�costeroid implanta�on

Pa�ents with baseline IOP ≥ 22 mm Hg OR prior history of IOP eventa

Fig. 2 Algorithm for monitoring and treating patients
who may be more susceptible to a rise in intraocular
pressure (IOP) (i.e., patients with a baseline IOP
of C 22 mmHg or a prior history of an IOP event).

Guidance depends on whether the latest IOP measurement
classifies patients as medium risk or high risk for
developing a potentially concerning IOP rise

22 Ophthalmol Ther (2022) 11:15–34



some patients, with the risk being greater if
patients have had a history of prior IOP events.
In addition, the majority of IOP rises are man-
aged with one or two IOP-lowering medications
[37] (and so would generally be manageable by
retina specialists), with only a small minority of
eyes requiring additional medications, laser, or
surgery.

PRE-IMPLANTATION
CONSIDERATIONS

Patient selection is important for optimal effi-
cacy and safety [39, 41]. From a safety perspec-
tive, it is critical to identify which eyes may be
most susceptible to developing ocular hyper-
tension so that their suitability for implantation
can be considered carefully and their potential
need for closer monitoring and additional
interventions can be accommodated.

Glaucoma can be a contraindication for
intravitreal corticosteroid implantation [6, 7] as
it is known to increase the risk of an IOP rise
[8, 18]. (In Europe, advanced glaucoma which
cannot be adequately controlled by medicinal
products alone is a contraindication to intrav-
itreal dexamethasone implantation [6] and pre-
existing glaucoma is a contraindication to
intravitreal fluocinolone acetonide implanta-
tion [7].) Nevertheless, anecdotal reports from
glaucoma specialists and the literature
[11, 18, 38] show that patients with glaucoma
have been successfully treated with intravitreal
corticosteroid implants. Such patients could
include, for example, those with glaucoma
whose IOP is well controlled by medication [42]
or stents and those with uveitis and glaucoma
who are in great need of corticosteroid treat-
ment and have no suitable alternatives. In such
scenarios, the risk-to-benefit equation can be in
favour of the need for disease control through
the use of intravitreal corticosteroid

LOW RISK

If IOP is < 22 mm Hg, there is no requirement for treatment — but 
IOP monitoring needs to con�nue for the life of the implant.

If IOP levels subsequently increase to ≥ 22 mm Hg, move to the 
medium- or high-risk categories. 

MEDIUM RISK

If the 2nd (or any subsequent) IOP check shows the IOP:
- Has declined back to baseline levels, move to the low-risk 

category
- Has increased to > 25 mm Hg, move to the high-risk category 
- Remains within the defini�on for medium risk, the re�na specialist 

may wish to treat with IOP-lowering medica�on(s) and/or may 
consider referring the pa�ent to a glaucoma specialist.a

If the latest two IOP measurements are:
- Unstable,b record visual field and imaging every 3 months and 

share the results with a glaucoma specialist 
- Stable, record visual field and imaging every 6 months and, if 

any change is suspected, refer to a glaucoma specialist.

HIGH RISK

If pa�ents fall into the high-risk category at any �me, they should 
be considered for medica�on, laser or surgical treatment within 
1–2 weeks according to local prac�ce and their IOP reviewed 
within 1–2 weeks of such treatment star�ng. 

Then, if IOP is:
- ≤ 25 mm Hg, move to the medium- or low-risk category
- > 25 mm Hg even a�er 2 treatments, refer to a glaucoma     

specialist. 

a This decision and its �ming may be influenced by local factors as some re�na 
specialists do not have the facili�es to obtain visual fields and so may prefer 
to refer to a glaucoma specialist immediately without a trial of glaucoma 
medica�on. Other re�nal specialists may wish to try glaucoma medica�on 
before referring and will need to adapt the frequency of ongoing IOP   
monitoring as necessary depending on whether they are passively observing 
or ac�vely trea�ng a pa�ent.

b Last IOP measurement is higher than previous one.

Fig. 3 Clarification of intraocular pressure (IOP) moni-
toring requirements in the different risk groups depicted in
the algorithms of Figs. 1 and 2. Patients may move

between the different risk groups at any time during
monitoring depending on their latest IOP

Ophthalmol Ther (2022) 11:15–34 23



Table 2 Summary of key findings from Table 1. Note that the numerous methodological differences between the analyses
(especially affecting patient characteristics at baseline, treatment given, and duration of follow-up) preclude cross
comparisons

Key findings from evaluations of one or more intravitreal
corticosteroid implants

Conclusion

•The incidence of patients with diabetic macular edema

(DME) whose intraocular pressure (IOP) increased

by C 10 mmHg—or whose IOP was C 25 mmHg,

C 30 mmHg, or C 35 mmHg—was greater after

injection of an intravitreal dexamethasone implant than

after a sham injection procedure (a needleless applicator

pressed against the conjunctiva) [27]

Implantation of an intravitreal corticosteroid may increase

the likelihood of a clinically significant rise in IOP or

ocular hypertension

•The incidence of eyes with DME having an

IOP[ 25 mmHg was significantly greater after injection
of an intravitreal fluocinolone acetonide implant than

before implantation [39]

Implantation of an intravitreal corticosteroid may increase

the likelihood of ocular hypertension

•During the various follow-up periods after injection of an

intravitreal corticosteroid implant, IOP was:

21 mmHg or greater in 31–60% of patients or eyes

[21, 35, 37]

25 mmHg or greater in 7–37% of patients or eyes

[8, 18, 19, 21, 27–29, 31–35, 37, 39]

30 mmHg or greater in 5–18% of patients or eyes

[19, 21, 27, 28, 37–39]

35 mmHg or greater in 2–8% of patients or eyes

[8, 18, 27–29, 31, 32, 34, 35]

Increased by C 10 mmHg in 7–34% of patients or eyes

[18, 27–29, 31, 32, 34]

A proportion of eyes may develop clinically significant IOP

after implantation of an intravitreal corticosteroid

•Relative to eyes without a history of prior IOP events, eyes

with a history of prior IOP events that received an

intravitreal fluocinolone acetonide implant for DME had a

significantly higher incidence of [19]:

IOP rising by C 10 mmHg (45.7% vs 19.1%; p\ 0.001)

IOP[ 25 mmHg (56.4% vs 20.4%; p\ 0.001)

IOP[ 30 mmHg (35.1% vs 8.0%; p\ 0.001)

Needing IOP-lowering medication (50.0% vs 17.9%;

p\ 0.001)

A history of a prior IOP event significantly (p\ 0.001)

increases the likelihood of an intravitreal corticosteroid

implant resulting in:

IOP rising by C 10 mmHg

IOP exceeding 25 mmHg or 30 mmHg

IOP-lowering medication being needed

24 Ophthalmol Ther (2022) 11:15–34



treatment—although, consequent to this, there
will need to be collaboration with a glaucoma
specialist to ensure adequate monitoring so that
risks are minimized and potential problems are
detected and addressed at the earliest
opportunity.

Non-glaucomatous patients who may have
higher than average susceptibility to a rise in
IOP include those with higher IOP at baseline or
a history of a prior rise in IOP (including a his-
tory of needing IOP-lowering treatment)
[19, 21]. It is logical that monitoring may need
to be more frequent and/or extensive in these
more susceptible patients and, as a result, we
advise closer monitoring for patients with a:

– Baseline IOP of C 22 mmHg (ocular hyper-
tension according to the European Glau-
coma Society [43]).

– History of an IOP rise to[ 25 mmHg or an
IOP rise of C 10 mmHg.

– Prior or current need for IOP-lowering
treatment.

We recommend monitoring less susceptible
patients (i.e., those without these criteria)
according to the algorithm in Fig. 1 and those
who have greater susceptibility (i.e., those with
these criteria) according to the modified algo-
rithm in Fig. 2.

POST-IMPLANTATION
RECOMMENDATIONS

IOP should be checked within the first week
after implantation [7]. Figure 1 shows that the
latest IOP reading and the degree of change in
IOP from baseline are used to classify whether a
patient has a low, medium, or high risk of
developing a potentially concerning IOP rise.
The algorithm in Fig. 2 omits the lower risk
classifications because patients following this
algorithm have inherent risk factors that could
remain for the lifetime of any implant—so their
monitoring needs to retain a consistently
higher level of alertness.

Each risk category is associated with different
monitoring and/or treatment recommenda-
tions in line with the level of surveillance and
intervention that is appropriate (Figs. 1, 2, 3).
With each subsequent IOP check, the level of
risk is re-evaluated based on the latest IOP level.
Therefore, if a patient’s IOP rises and falls dur-
ing the post-implantation follow-up, then the
patient’s risk category may also rise and fall—
triggering adaptations to monitoring and/or
treatment as necessary. In this way, the algo-
rithms offer a dynamic reflection of a changing
clinical situation (Fig. 3).

Both algorithms recommend assessing IOP at
2–7 days after implantation [7], 1 month after
implantation, and 2 or 3 months after implan-
tation. Thereafter, the frequency of subsequent

Table 2 continued

Key findings from evaluations of one or more intravitreal
corticosteroid implants

Conclusion

•The incidence of patients or eyes with DME reported to

receive IOP-lowering treatments after injection of an

intravitreal corticosteroid implant was:

Up to 46% for medicationa

0–1.3% for trabeculoplastya

0–1.2% for trabeculectomy

0–3.7% for IOP-lowering surgerya

The vast majority of eyes requiring IOP-lowering therapy

after intravitreal corticosteroid implantation are managed

with glaucoma medication. Only a small minority of eyes

are treated with laser or surgery

aAt least some of these were also required pre-implantation so these data are not necessarily solely attributable to
implantation [21, 39]
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monitoring depends on the risk category (every
3 months in the low-risk category, at the retina
specialist’s discretion in the medium-risk cate-
gory, and at the glaucoma specialist’s discretion
in the high-risk category). The 1-month check
has been shown to have value in identifying an
increased risk for subsequent ocular hyperten-
sion [24] but an increase in IOP can occur at any
time during the life of the implant and not only
in the weeks and months immediately follow-
ing implantation. Indeed, with the fluocinolone
acetonide implant, it has been reported that the
first observation of an IOP[25 mmHg occurred
a mean (± SD) of 418 ± 324 days post-implan-
tation [19]. This wide variability in possible
timing underscores the need for regular moni-
toring throughout the lifespan of the implant. It
is similarly important to maintain monitoring
throughout the total duration of treatment with
repeated dexamethasone implants because, at
least in patients with uveitis or retinal vein
occlusion, a need for glaucoma surgery has been
reported to have arisen after anywhere from one
to ten implants—thus, it cannot be assumed
that a lack of IOP rise early in treatment pre-
cludes the risk of a rise occurring later [8].

Both algorithms show that all patients in the
medium- or high-risk groups should have their
visual field recorded at least once. This is good
clinical practice and important for legal defence
reasons, so is valuable even if it is non-
contributory.

Imaging of the optic head and/or retinal
nerve fibre layer is also advised as soon as a

patient is classified as medium or high risk. In
the medium-risk group, it should be repeated
every 3 months if IOP increases (i.e., is unstable)
or every 6 months if IOP has not increased (i.e.,
is stable). In the high-risk group, it should be
monitored every 3 months.

Regarding treatment, in the low-risk group
no IOP-lowering treatment is necessary if the
IOP remains \ 22 mmHg but IOP monitoring
should continue at least quarterly for the life of
the implant. In the medium-risk group, IOP-
lowering treatment may be advised at the dis-
cretion of the retina specialist or glaucoma
specialist. In the high-risk group, IOP-lowering
treatment is usually necessary—initially one
treatment and, if this is not sufficiently effective
within 1–2 weeks, then two treatments. If these
fail to maintain the IOP \ 25 mmHg within
another 1–2 weeks, the patient should be refer-
red to a glaucoma specialist.

The results of a recent study evaluating
referrals to glaucoma specialists from optomet-
ric practitioners that were based on IOP alone
suggest that limiting referrals to patients who
are at least 45 years of age (in addition to having
an IOP of at least 25 mmHg) may improve the
effectiveness of referrals without missing any
patients who have glaucoma or who require
IOP-lowering treatment [44]. Currently, we do
not know if this might also be the case with
referrals from retina specialists.
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HYPOTHETICAL PATIENT
SCENARIOS ILLUSTRATING
THE GUIDELINES IN ACTION

JOHN

History No prior history of intravitreal corticosteroid treatment or raised IOP or glaucoma

Baseline IOP 14 mmHg

Pre-implantation

assessment

John does not have any of the above-mentioned factors that might make him more susceptible to an

IOP rise and so his retina specialist can consider him for an intravitreal corticosteroid implant

without needing to consult glaucoma colleagues

Post-implantation

monitoring

John is treated with the intravitreal corticosteroid implant. As he does not have any of the key factors

increasing his susceptibility to an IOP rise, his monitoring follows the algorithm for less susceptible

patients (Fig. 1). His IOP monitoring starts on the standard schedule (i.e., 2–7 days, 1 month, and

2–3 months after implantation and, thereafter, depending on the relevant risk classification) as

follows:

7 days post-

implantation:

IOP is 19 mmHg, so he is in the low-risk group

1 month post-

implantation:

IOP is 24 mmHg and, because this is C 10 mmHg higher than his baseline

IOP, he moves to the high-risk group. His visual field is recorded, imaging is

performed, and he is treated with one topical IOP-lowering medication

within 1–2 weeks. He is followed up again 1–2 weeks after starting the

medication

1.5 months post-

implantation:

IOP is 26 mmHg, so a second topical IOP-lowering medication is added to his

treatment

2 months post-

implantation:

IOP is still 26 mmHg, so he is referred to a glaucoma specialist

WILLIAM

History No prior history of intravitreal corticosteroid treatment or raised IOP or glaucoma

Baseline IOP 21 mmHg

Pre-implantation

assessment

William does not have any of the above-mentioned factors that might make him more susceptible to

an IOP rise and so his retina specialist can consider him for an intravitreal corticosteroid implant

without needing to consult glaucoma colleagues

Post-implantation

monitoring

William is treated with an intravitreal fluocinolone acetonide implant. As he does not have any of the

key factors that could increase his susceptibility to an IOP rise, his monitoring follows the algorithm

for less susceptible patients (Fig. 1). His IOP monitoring starts on the standard schedule (i.e.,

2–7 days, 1 month, and 2–3 months after implantation and, thereafter, depending on the relevant

risk classification) as follows:
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continued

5 days post-

implantation:

IOP remains at 21 mmHg, so he remains in the low-risk group

1 month post-

implantation:

IOP is 22 mmHg, so he moves to the medium-risk group and has his visual field

recorded and imaging performed for the first time

2 months post-

implantation:

IOP returns to baseline level of 21 mmHg, so he returns to the low-risk group

and his next IOP check will be in 3 months

5 months post-

implantation:

IOP is 21 mmHg, so he remains in the low-risk group and continues with IOP

checks quarterly

8 months post-

implantation:

IOP is 20 mmHg

11 months post-

implantation:

IOP is 28 mmHg, so he moves to the high-risk group, is treated within 2 weeks

with a single topical IOP-lowering drug and, as he has not had his visual field

recorded and imaging performed within the last 3 months, these are repeated.

His next IOP check is scheduled for 2 weeks after starting the medication

12 months post-

implantation:

IOP is 22 mmHg, so he moves to the medium-risk group and continues the

medication. His retina specialist decides to schedule the next IOP check for

4 weeks later

13 months post-

implantation:

IOP is 21 mmHg, so has returned to the baseline level. He returns to the low-

risk group and continues the medication. His IOP continues to be monitored

every 3 months for the 36-month lifespan of the fluocinolone acetonide

implant

16 months post-

implantation:

IOP is 21 mmHg

19 months post-

implantation:

IOP is 21 mmHg. In this low-risk scenario, a washout of the topical medication

can be considered to determine whether or not the medication needs to be

continued

22 months post-

implantation:

IOP is 21 mmHg

25 months post-

implantation:

IOP is 21 mmHg

28 months post-

implantation:

IOP is 20 mmHg

31 months post-

implantation:

IOP is 20 mmHg

34 months post-

implantation:

IOP is 21 mmHg
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ANN

History Ann hates injections but is very motivated to do everything possible to protect her eyesight. She once

had an IOP of 28 mmHg a few weeks after a previous intravitreal dexamethasone implant but this

was controlled with a single glaucoma medication

Baseline IOP 20 mmHg

Pre-implantation

assessment

Because of her prior history of an IOP rise beyond 25 mmHg after intravitreal corticosteroid

treatment, Ann is more susceptible than most patients to developing another rise in IOP. As a

result, her retina specialist should discuss protocols with the local glaucoma team to help determine

Ann’s potential suitability for an intravitreal corticosteroid implant. The glaucoma team can also

advise on monitoring and a plan of action if she has another rise in IOP

Post-implantation

monitoring

Ann receives a fluocinolone acetonide implant because she can only tolerate the thought of a single

injection every 3 years and not more frequently. Because of her prior history of an IOP event, her

monitoring starts by following the algorithm for more susceptible patients (Fig. 2). Her visual field is

recorded and imaging is performed. Her IOP monitoring starts on the standard schedule (i.e.,

2–7 days, 1 month, and 2–3 months after implantation and, thereafter, depending on the relevant

risk classification) as follows:

5 days post-

implantation:

IOP is 20 mmHg, so she is in the medium-risk group

1 month post-

implantation:

IOP is 21 mmHg, so she stays in the medium-risk group

3 months post-

implantation:

IOP is 27 mmHg, so she moves to the high-risk group and within 1–2 weeks is

treated with a single IOP-lowering medication. Her visual field and imaging

are repeated and her IOP is scheduled for review within 1–2 weeks of starting

treatment

3.5 months post-

implantation:

IOP is 25 mmHg, so she moves back to the medium-risk group. Her retina

specialist schedules her next IOP check for 4 weeks later

4.5 months post-

implantation:

IOP remains at 25 mmHg and her retina specialist adds a second topical IOP-

lowering medication to reduce IOP further and schedules another IOP check

for 6 weeks later

6 months post-

implantation:

IOP is 25 mmHg. Ann continues with the medication and stays in the

medium-risk group. Her retina specialist decides to continue monitoring IOP

every 2 months. Because IOP has not increased over the last two visits, visual

field and imaging only need to be repeated within 6 months of the last check

(which was at 3 months post-implantation), so these are scheduled for the

next visit

8 months post-

implantation:

IOP is 22 mmHg, visual field and imaging are repeated

10 months post-

implantation:

IOP is 22 mmHg
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continued

12 months post-

implantation

IOP is 21 mmHg

14 months post-

implantation:

IOP is 21 mmHg, visual field and imaging are repeated

16 months post-

implantation:

IOP is 21 mmHg

18 months post-

implantation:

IOP is 21 mmHg

20 months post-

implantation:

IOP is 21 mmHg, visual field and imaging are repeated. Her retina specialist has

concerns over a possible change in the retinal nerve fibre layer so refers Ann

to a glaucoma specialist

ELSIE

History Elsie has no prior exposure to intravitreal corticosteroids but has been on IOP-lowering medication

for several months

Baseline IOP 19 mmHg

Pre-implantation

assessment

Because of her existing need for IOP-lowering medication, Elsie is more susceptible than most patients

to experiencing a corticosteroid-induced rise in IOP. Her retina specialist should discuss protocols

with the local glaucoma team to help determine the potential suitability of an intravitreal

corticosteroid implant. The glaucoma team can also advise on monitoring and a plan of action

should a further rise in IOP occur

Post-implantation

monitoring

Elsie receives an intravitreal corticosteroid implant and, because she is already on IOP-lowering

treatment, her monitoring starts by following the algorithm for more susceptible patients (Fig. 2).

Her visual field is recorded and imaging is performed. Her IOP monitoring starts on the standard

schedule (i.e., 2–7 days, 1 month, and 2–3 months after implantation and, thereafter, depending on

the relevant risk classification) as follows:

7 days post-

implantation:

IOP is 19 mmHg, so she is in the medium-risk group

1 month post-

implantation:

IOP is 21 mmHg, so she remains in the medium-risk group. As her IOP values

over the last 2 visits have been unstable (i.e., have increased), her visual field

and imaging are flagged to be repeated every 3 months and the results are to be

shared with a glaucoma specialist

3 months post-

implantation:

IOP is 22 mmHg and, as indicated previously, visual field and imaging results are

repeated and the results shared with a glaucoma specialist for advice on

ongoing management
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declares that he is/has been a consultant in the
last 2 years for Alimera, Allergan, Bayer, Novar-
tis, and Roche.

Compliance with Ethics Guidelines. This
article is based on previously conducted studies
and does not contain any new studies with
human participants or animals performed by
any of the authors.

Data Availability. All data analysed during
this study are included in this published article.

Open Access. This article is licensed under a
Creative Commons Attribution-NonCommer-
cial 4.0 International License, which permits
any non-commercial use, sharing, adaptation,
distribution and reproduction in any medium
or format, as long as you give appropriate credit
to the original author(s) and the source, provide
a link to the Creative Commons licence, and
indicate if changes were made. The images or
other third party material in this article are
included in the article’s Creative Commons
licence, unless indicated otherwise in a credit
line to the material. If material is not included

Ophthalmol Ther (2022) 11:15–34 31



in the article’s Creative Commons licence and
your intended use is not permitted by statutory
regulation or exceeds the permitted use, you
will need to obtain permission directly from the
copyright holder. To view a copy of this licence,
visit http://creativecommons.org/licenses/by-
nc/4.0/.

REFERENCES

1. Bakri SJ, McCannel CA, Edwards AO, Moshfeghi
DM. Persistent ocular hypertension following
intravitreal ranibizumab. Graefes Arch Clin Exp
Ophthalmol. 2008;246:955–8.

2. Bressler SB, Almukhtar T, Bhorade A, Diabetic
Retinopathy Clinical Research Network Investiga-
tors, et al. Repeated intravitreous ranibizumab
injections for diabetic macular edema and the risk
of sustained elevation of intraocular pressure or the
need for ocular hypotensive treatment. JAMA
Ophthalmol. 2015;133:589–97.

3. Reina-Torres E, Wen JC, Liu KC, et al. VEGF as a
paracrine regulator of conventional outflow facility.
Investig Ophthalmol Vis Sci. 2017;58:1899–1908
[Erratum in: Invest Ophthalmol Vis Sci. 2017;58:
2817].

4. Lucentis summary of product characteristics.
https://www.medicines.org.uk/emc/product/5418/
smpc. Accessed 7 July 2021.

5. Eylea summary of product characteristics. https://
www.medicines.org.uk/emc/product/11273/smpc.
Accessed 7 July 2021.

6. Ozurdex summary of product characteristics.
https://www.medicines.org.uk/emc/medicine/
23422. Accessed 7 July 2021.

7. Iluvien summary of product characteristics. http://
www.medicines.org.uk/emc/medicine/27636.
Accessed 7 July 2021.

8. Hemarat K, Kemmer JD, Porco TC, Eaton AM,
Khurana RN, Stewart JM. Secondary ocular hyper-
tension and the risk of glaucoma surgery after
dexamethasone intravitreal implant in routine
clinical practice. Ophthalm Surg Lasers Imaging
Retina. 2018;49:680–5.

9. Actis AG, Versino E, Brogliatti B, Rolle T. Risk fac-
tors for primary open angle glaucoma (POAG) pro-
gression: a study ruled in Torino. Open Ophthalmol
J. 2016;10:129–39.
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