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Management of diabetic macular
oedema in vitrectomised eyes
BY MAGED S HABIB
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iabetic macular oedema
(DMO) is one of the leading
causes of blindness; its
prevalence is on the rise with
progressive increase in numbers of
people suffering from diabetes. The
management of DMO has evolved
significantly over the past few years.
Laser treatment had been the mainstay
of treatment of DMO for a few decades.
Recently, intravitreal anti-vascular
endothelial growth factors (Anti-VEGF)
agents as well as corticosteroids have
been adopted in the treatment of DMO.
Anti-VEGF agents have been shown
to result in significant anatomical
and functional improvement for
eyes with centrally involved DMO
(CI-DMO) as compared to macular
laser photocoagulation. In addition,
the effectiveness of corticosteroid
treatment such as Dexamethasone
(Ozurdex®; Allergan Inc, Irvine, CA),
as well as Fluocinolone acetonide
implants (Iluvien® Alimera Sciences
Inc., Alpharetta, GA, USA) is reported in
the treatment of CI-DMO.
DMO usually occurs in the context
of surrounding diabetic retinopathy.
Epidemiological studies reported
increased prevalence of DMO with
progressive retinopathy, with 38% of
patients with severe non-proliferative
retinopathy and 71% with proliferative
retinopathy being diagnosed with
DMO as well [1]. It is therefore not
uncommon for patients to require
treatments and interventions for
both conditions simultaneously
or in succession. Independent of
the management of DMO, pars
plana vitrectomy (PPV) is beneficial
in dealing with complications of
proliferative diabetic retinopathy such
as non-clearing vitreous haemorrhage,
retinal fibro-vascular proliferation
and tractional detachment as well as
vitreo macular interface abnormalities.
For many of these patients though,
clinicians encounter the challenge

of the requirement of continuing
treatment for DMO post PPV.
The clinical efficacy of intravitreally
injected drugs in vitrectomised
eyes in humans is yet to be fully
determined; most of the major clinical
trials evaluating the effect of antiVEGF agents and steroid implants
have excluded vitrectomised eyes or
included a limited number of patients.
It has been speculated that the
clearance of intravitreal anti-VEGF in
vitrectomised eyes is different from
that in non-vitrectomised eyes. PPV
by itself creates a vitreous cavity
with lower viscosity that allows for
increased convection that might
help to disperse intravitreal injected
agents and increase their clearance
from the vitreous cavity and into the
systemic circulation faster than in
non-vitrectomised eyes [2]. It is hence
of importance to review available
evidence of experimental and clinical
effectiveness of intravitreal drug
therapy in vitrecomised eyes before
dosing regimens are considered.

Animal studies
– anti-VEGF agents

Initial reports on animal models
reported an increase in VEGF
clearance after PPV. Lee et al. assessed
vitreous VEGF cavity clearance and
concentration in the rabbit eye. Their
results demonstrated the half-life
of VEGF was 10-times shorter in
rabbit eyes with PPV as compared to
normal eyes. The VEGF half-life was
dramatically shortened from 2.46
hours to 12.5 minutes in vitrectomised
eyes [3]. This may partially
explain improvements in macular
thickness and posterior segment
neovascularisation in some patients
after PPV.
Similar results were shown in
Macaque monkeys, where the aqueous
VEGF concentrations decreased
significantly from preoperative levels

of 52.6-113.9pg/ml following combined
PPV and lensectomy to a range of
20.7-72.7 pg/ml. Moreover, the mean
half-life of 1.25mg intravitreally
injected bevacizumab (BZB) (Avastin,
Genentech, South San Francisco, CA)
in the vitrectomised eyes was 1.5+/0.6 days, a 54% decrease as compared
with previous reports of BZB half-life
of 2.8+/-0.6 days in non-vitrectomised
eyes. Such faster clearance of
BZB from the vitreous cavity after
vitrectomy with or without lensectomy
could be associated with higher serum
levels of the agent and hence perhaps
higher rate of adverse events [4].
A further report by Christoforidis
et al. compared BZB serum levels 12
days after vitrectomy, or lensectomy
with non-surgical controls, following a
single intravitreal injection in rabbits.
Their results demonstrated that
the anti-VEGF agent’s serum levels
were significantly elevated two days
following lensectomy compared to
post-vitrectomy and non-surgical
eyes. After day four, there were no
significant differences or trends
between the treatment groups. It was
postulated that lensectomy procedure
would add an anterior clearance route
through the trabecular meshwork
which might explain the increased
BZB serum levels post lensectomy.
Based on these results, clinicians were
advised to consider the possibility of
increased adverse systemic events
in patients with previous intraocular

“After day four, there
were no significant
differences or
trends between the
treatment groups.”
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surgery and particularly in aphakes
after intravitreal anti-VEGF agents
injections [5].
With the advent of newer antiVEGF agents, similar animal studies
compared the pharmacokinetic
properties of intravitreally injected
radioactive BZB and ranibizumab
(RBZ) (Lucentis, Novartis) after PPV or
lensectomy in relation to non-operated
control eyes. The study utilised a
novel approach with serial imaging
with integrated positron emission
and computed tomography (PET/CT)
obtained at fixed dates post injections
to calculate the agents’ half-lives. The
results showed significant reduction
of both agents’ half-lives after both
vitrectomy or lensectomy as compared
to non-operated eyes. The clearance
half-lives were longer for BZB than
RBZ in all studied groups. Based on the
study findings, it was proposed that
more frequent treatment regimens
with anti-VEGF therapies might be
considered for vitrectomised or aphakic
patients [6].
Despite the aforementioned reports
and studies, the debate regarding
the pharmacokinetics and efficacy of
intravitreal anti-VEGF in vitrectomised
eyes is far from over. New studies
in rabbit eyes reported different
outcomes. In a study by Ahn J et al.
there was no substantial difference
in the pharmacokinetic properties of
intravitreal BZB (over a 30 days period)
when administered to vitrectomised
or control non-operated eyes. Indeed
the vitreous concentration half-life
difference between the two groups
was only 1.64 hours. Furthermore,
the intravitreal BZB concentration in
vitrectomised eyes was maintained
at about 90% of that of non-operated
eyes between two and 14 days postinjection. The differences in outcomes
as compared to previous studies were
attributed to various factors; firstly,
the difference in surgical procedure,
as PPV in rabbits was limited by the
presence of their relatively big lens
and adherent vitreous, and secondly
due to the fact that PPV increased
only the initial fast distribution phase
of BZB lasting one day with minimal
effect on the second slow elimination
phase upon which the overall halflife of BZB was determined [7]. The
results of this study were echoed by
a further similar study exploring the
intraocular pharmacokinetics of RBZ
in vitrectomised and non vitrectomised
eyes. Ahn S et al. demonstrated no
statistically significant difference

among concentrations of RBZ in
vitreous, aqueous humour and
retinae of vitrectomised and non
non-vitrectomised eyes. The halflives of intravitreal RBZ were 2.75
and 2.51 in the non-vitrectomised
and vitrectomised eyes respectively
[8]. The authors suggested that the
role of vitreous in the distribution
and clearance of RBZ is insignificant
and hence similar treatment
dosing regimens should be used
in vitrectomised as well as nonvitrectomised eyes.
The intraocular pharmacokinetics
of RBZ and aflibercept (AFL) (Eyelea,
Regeneron Pharmaceuticals / Bayer)
were compared in vitrectomised and
non-vitrectomised macaque eyes.
Aqueous VEGF levels were measured
up to eight weeks following one
injection of the drug. The aqueous
half-lives were 2.3 and 1.4 for RBZ and
2.2 and 1.5 for AFL in non-vitrectomised
and vitrectomised eyes respectively.
AFL managed to suppress VEGF levels
for longer time period in vitrectomised
eyes reaching four weeks as compared
to one week for RBZ [9].

Human clinical studies
– anti-VEGF agents

In humans, reports have likewise
been inconsistent regarding the
effectiveness of anti-VEGF treatment
after vitrectomy. Nagasawa et al.
reported a short-term effect of BZB
for DMO after PPV in 20 eyes with
significant improvement of central
retinal thickness (CRT) but not
visual acuity after one week [10]. In
contrast, in their report, Yanyali et
al. demonstrated no effect of three
monthly intravitreal BZB injections
for DMO in vitrectomised eyes with
regards to visual improvement or
reduction of CRT after six months
follow-up. This was hypothesised to be
related to the rapid clearance of BZB
and insufficient therapeutic levels of
the drug in vitrectomised eyes [11].
Conversely, a better response of BZB
for persistent DMO following PPV was
reported in a later study of 20 patients.
One month following a single BZB
injection, significant reduction of CRT
was noted together with improvement
in letter contrast sensitivity, but not
logMAR best corrected visual acuity
(BCVA). As expected, these effects did
not last longer than three months [12].
Recently, the results of a detailed
post hoc analysis covering three
year course of data including BCVA,
CRT and dosing frequency has been

“The reported
response to treatment
with slower initial
improvement
should be taken
in consideration
by clinicians while
evaluating response
to treatment in
vitrectomised eyes.“
published. The analysis utilised data on
25 vitrectomised eyes as compared to
335 non-vitrecomised eyes enrolled for
the DRCR.net trial. After adjustment
for potential confounding effects and
differences in baseline characteristics,
the study identified no significant
differences between both groups
at each annual visit through three
years follow-up in terms of visual
acuity improvement or reduction
of OCT central subfield thickness.
Throughout the three-years follow-up,
the vitrectomised eyes did not require
more injections. Nevertheless, a lag
in response of macular thickness in
vitrectomised eyes was noted during
the early follow-up period which could
be related to drug clearance. Such
an observation might explain the
earlier studies’ results that assessed
the efficacy of anti-VEGF in operated
eyes, having focused mainly on shortterm observations. The reported
response to treatment with slower
initial improvement should be taken
in consideration by clinicians while
evaluating response to treatment in
vitrectomised eyes [13].

Animal and human studies
– steroid implants

Over the last few years, further
alternative treatment modalities have
been adopted for DMO, such as the
intravitreal Dexamethasone 0.7mg
implant (Ozurdex) as approved by
National Institute for Health and Care
Excellence (NICE) in pseudophakic
patients. Unlike anti-VEGF agents,
the implant provides sustained drug
release and is believed to suffer less
from increased drug clearance in
vitrectomised eyes, and as such, its
effect has been the subject of study
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Figure 1: Case study for management of post-vitrectomy refractory
DMO: (a) Pre-vitrectomy; (b) Post-vitrectomy; (c) Post six intravitreal antiVEGF treatment with sub-optimal response; (d) Post-Iluvien one month.
Complete resolution of DMO; (e) Post-Iluvien 10 months. Maintained
response to treatment. (Courtesy of Mr David H W Steel – Sunderland Eye
Infirmary).
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in these cases. In a prospective
multi-centre study of 55 patients, a
significant reduction of CRT (-156µm)
as well as an increase of BCVA of
+6 letters and +3 letters at eight
and 26 weeks from baseline levels
was observed. The results were
comparable to similar improvements
reported in non-vitrectomised eyes
thus demonstrating Ozurdex implant
as an effective treatment modality
for DMO in vitrectomised eyes [14].
These findings were supported by the
results of a retrospective comparative
study in vitrectomised and nonvitrectomised eyes by Medeiros et
al. This study showed that Ozurdex
was effective in both vitrectomised
and non-vitrectomised eyes with
statistically significant improvement
in mean foveal thickness and mean
BCVA from baseline which were then
maintained throughout the six-month
study period. The peak effectiveness
of the implant was noted at threemonths post-injection in both groups
[15].
The results of clinical trials of the
Ozurdex implants in vitrectomised
eyes are backed up by earlier studies
in rabbits. High steroid concentrations
were maintained for a month in the
vitreous and retina of both operated
and non-operated eyes with no
statistical difference for either
tissue at any time point between
both groups thus suggesting similar

dissolution rates for the biodegradable
poly-lactic acid implant. Obviously,
differences between human and rabbit
eyes should be taken into account
when applying the results in clinical
practice; nevertheless the results are
relevant in supporting previous clinical
findings [16].
Moreover, the development of
an intravitreal non biodegradable
polyimide steroid micro-implant
containing the corticosteroid
fluocinolone acetonide (FAc; Iluvien)
has offered a new option for visual
impairment in patients secondary to
DMO and considered insufficiently
responsive to other available
therapies. In the sub-analysis of FAME
trial, 34% of patients with chronic
DMO achieved a BCVA gain of ≥15
letters [17]. However, vitrectomised
eyes were not included in the study.
There are emerging real-life reports
of the use of the micro-implant in
these difficult cases with persistent
post PPV DMO. In a recently
published retrospective case series
of 22 pseudophakic patients treated
with fluocinolone acetonide, subanalysis of five vitrectomised eyes
revealed a BCVA improvement of 7.2
letters (range 0 to 14) with mean CRT
reduction of 176.8µm (range -714 to
318). Four of five eyes showed both
reduction in CRT with correlated
improvement of BCVA. In one case, the
CRT reduction was not associated with

BCVA improvement [18]. The clinical
efficacy and safety of the drug have
been also reported in two case reports
of vitrectomised eyes with persistent
DMO with both cases showing a
desirable anatomical outcome. In
one case, the authors have suggested
that vitrectomy seemed to have
enhanced the performance of the
implant in-situ and achieved complete
DMO resolution [19]. In a recently
presented series of 20 post PPV eyes
of 18 patients treated with Iluvien, a
mean change of BCVA of +9 ETDRS
letters (range -6 to +27) as well as
mean reduction of CRT by -224µm
(-595 to +126) were reported after a
mean follow-up period of 201 days
(range: 45 to 367 days) (SFO Paris
2016). Further real-life data of Iluvien
in vitrectomised eyes with comparable
clinical outcomes are awaited with
interest. The author’s experience
with the drug so far is in-keeping with
published cases (Figure 1).

Conclusion

There is mounting evidence regarding
treatment options of DMO post
vitrectomy. Drug clearance has been
shown to increase after vitrectomy
with shortening of half-lives, raising
concerns over the effect of available
intravitreally injected therapies. Initial
results of animal studies for antiVEGF agents were inconsistent, while
further results from human clinical

eye news | AUGUST/SEPTEMBER 2016 | VOL 23 NO 2 | www.eyenews.uk.com

FEATURE

trials were better yet with their own
limitations. The clinical trials to date
have been small, non randomised and
retrospective, and larger prospective
patients cohorts are needed to confirm
the drugs’ efficacy in this clinical
setting. Potentially more favourable
results are emerging for the use of
intravitreal steroids implants. The slow
release biodegradable implants seem
to be less affected by the vitrectomised
state of the eye and visual and retinal
thickness improvements have been
reported.
It is important for clinicians to
consider these findings and take them
into account when planning drug
dosing and regimes for the treatment
of DMO in vitrectomised eyes. Special
attention to the rate and duration of
response of different agents is needed
to plan appropriate clinical monitoring
intervals and achieve timely delivery of
treatment for such difficult cases.

2.
3.

4.

5.

6.

7.

9.

10.

11.

12.

13.

14.

15.

16.

References
1.

8.

Klein R, Klein BE, Moss SE, Cruickshanks KJ.
The Wisconsin Epidemiological Study of Diabetic
Retinopathy. XV. The long term incidence of
macular oedema. Ophthalmology 1995;102(1):7-16.
Stefansson E. Physiology of vitreous surgery. Graefes
Arch Clin Exp Ophthalmol 2009;247:147-63.
Lee SS, Gibson C, Yu Z, et al., Vitreous VEGF clearance
is increased after vitrectomy. Invest Ophthalmol Vis Sci
2010;51:2135-8.
Kakinoki M, Sawada O, Sawada T, et al., Effect of
Vitrectomy on Aqueous VEGF concentration and
Pharmacokinetics of Bevacizumab in Macaque
Monkeys. Invest Ophthalmol Vis Sci 2012;53:5877-80.
Christoforidis JB, Xie Z, Jiang A, et al., Serum levels
of intravitreal Bevacizumab after Vitrectomy,
lensectomy and non-surgical controls. Curr Eye Res
2013;38(7):761-6.
Christoforidis JB, Williams MM, Wang J, et al.,
Anatomic and Pharmacokinetic properties of
intravitreal Bevacizumab and Ranibizumab after
vitrectomy and lensectomy. Retina 2013;33:946-52.
Ahn J, Kim H, Woo SJ, et al., Pharmacokinetics of
intravitreally injected Bevacizumab in vitrectomized
eyes. J Ocul Pharmacol Ther 2013;29(7):612-8.

17.

18.

19.

Ahn SJ, Ahn J, Park S, et al., Intraocular
pharmacokinetics of Ranibizumab in
vitrectomizedversus nonvitrectomized eyes.
Ophthalmol Vis Sci 2014;55:567-73.
Niwa Y, Kakinoki M, Sawada T, et al. Ranibizumab and
Aflibercept: Intraocular pharmacokinetics and their
effects on aqueous VEGF level in vitrectomized and
nonvitrectomized Macaque eyes. Invest Ophthalmol
Vis Sci 2015;56:6501-5.
Nagasawa T, Naito T, Matsushita S, et al., Efficacy of
intravitreal Bevacizumab (Avastin) for short-term
treatment of diabetic macular edema. J Med Invest
2009;56:111-5.
Yanyali A, Aytug B, Horozoglu F, Nohutcu AF.
Bevacizumab (Avastin) for diabetic macular edema
in previously vitrectomized eyes. Am J Ophthalmol
2007;144:124-6.
Okamoto Y, Okamato F, Hiraoka T, Oshika T. Visionrelated quality of life and visual function following
intravitreal Bevacizumab injection for persistent
diabetic macular edema after vitrectomy. Jpn J
Ophthalmol 2014;58:369-74.
Bressler SB, Melia M, Glassman AR, et al. Ranibizumab
plus prompt or deferred laser for diabetic macular
edema in eyes with vitrectomy before antivascular endothelial growth factor therapy. Retina
2015;35(12):2516-28.
Boyer D, Faber D, Gupta S, et al. Dexamethasone
intravitreal implant for treatment of diabetic
macular edema in vitrectomized patients. Retina
2011;31(5):915-23.
Medeiros MD, Alkabes M, Navarro R, et al.
Dexamethasone intravitreal implant in vitrectomized
versus nonvitrectomized eyes for treatment of
patients with persistent diabetic macular edema.
J Ocul Pharmacol Ther 2014;30(9):709-16.
Chang-Lin J, Burke J, Peng Q, et al. Pharmacokinetics
of a sustained-release Dexamethasone intravitreal
implant in vitrecomized and nonvitrectomized eyes.
Invest Ophthalmol Vis Sci 2011;52:4605-9.
Cunha-Vaz J, Ashton P, Iezzi R, et al. Sustained
delivery fluocinolone acetonide vitreous implants.
Ophthalmology 2014;121:1892-903.
Elaraoud I, Andreatta W, Kidess A, et al. Use of
flucinolone acetonide for patients with diabetic
macular oedema: patient selection criteria and early
outcomes in real world setting. BMC Ophthalmol
2016;16:3.
Kumar A, Alfahad Q, Mitra A, et al. Intravitreal
Fluocinolone acetonide (Iluvien) for treatment of
refractory diabetic macular oedema in vitrectomised
eyes. Eye 2016;30:763-4.

TAKE HOME MESSAGE

•

DMO is one of the leading causes
of blindness in the working age
group, it can occur in the context
of severe diabetic retinopathy and
/ or vitreous pathology that might
require surgical intervention with
vitrectomy.

•

The management of DMO in
vitrectomised eyes is challenging
with changes in pharmacokinetics
of used drugs and hence the
potential for altered treatment
responses.

•

Various clinical studies are
presenting evidence of functional
and anatomical benefits of both
anti-VEGF agents and steroid
implants with variable degrees of
efficacy.

•

In light of these findings, careful
consideration should be taken in
planning the management of DMO
post vitrectomy with discussions
with patients regarding these
difficulties and limitations and the
possible need of different agents to
control the disease.
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