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2. ABBREVIATIONS

ACE: angiotensin-converting enzyme inhibitor
AMD: age-related macular degeneration
Ang-2: angiopoietin-2
Anti-VEGF: anti-vascular endothelial growth factor
AT2: angiotensin II receptor antagonist
β-blocker: beta-blocker
BAB: blood-aqueous barrier
BCVA: best corrected visual acuity
BRB: blood-retinal barrier
CCB: calcium channel blocker
CDE: cumulative dissipated energy
CME: cystoid macular edema
CNV: choroidal neovascularization
COX: cyclooxygenase
CRT: central retinal thickness
DM: diabetes mellitus type I or II
DME: diabetic macular oedema
DR: diabetic retinopathy
IOP: intra-ocular pressure
IVTA: intravitreal triamcinolone acetate
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LT: leukotriene
NPDR: nonproliferative diabetic retinopathy
NSAID: nonsteroidal anti-inflammatory drug
OCT: optical coherence tomography
OVD: ophthalmic viscosurgical device
PCME: pseudophakic cystoid macular oedema
PDR: proliferative diabetic retinopathy
PG: prostaglandin
PPV: pars plana vitrectomy
sNPDR: severe nonproliferative diabetic retinopathy
statin: HMG-CoA reductase inhibitor
t.i.d.: three times a day
TSH: thyroid stimulating hormone
VA: visual acuity
VEGF: vascular endothelial growth factor
VMT: vitreomacular traction
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3. ABSTRACT

Purpose:
To understand better the development of retinal complications after cataract surgery, particlarly
pseudophakic cystoid macular oedema (PCME), in diabetic patients. The study was divided into three parts.
The first study (I) aimed to shed light on the effects of systemic vasoactive medication on the risk of PCME.
The second study (II) looked at the outcomes of uneventful cataract surgery in diabetic patients without
retinal complications to assess whether diabetes itself serves as an independent risk factor for PCME. The
third study (III) evaluated the preoperative medication of diabetic patients, specifically the importance of
anti-inflammatory treatment in the eyes of diabetic patients.
Methods:
I. This study is a post hoc analysis of two consecutive prospective clinical studies (Ylinen et al., 2017,
2018b). A total of 269 eyes undergoing routine cataract surgery were studied. SpectralǦdomain optical
coherence tomography (OCT) imaging was performed before surgery and at 28 days. The patients were
given postoperatively either dexamethasone, a nonsteroidal antiǦinflammatory drug (NSAID), or a
combination of dexamethasone and NSAID. The effect of systemic vasoactive medication, namely
angiotensin-converting enzyme inhibitors-/-angiotensin II receptor antagonists (ACE inhibitors/AT2
antagonists), beta-blockers (βǦblockers), calcium channel blockers (CCBs), nitrates or lipophilic HMGCoA reductase inhibitors (statins), on the change in central retinal thickness (CRT) after cataract surgery
was examined.
II. This study is a post hoc treatment analysis using data from two double-masked RCTs (Ylinen et al.,
2018a; Ylinen et al., 2018b). A total of 276 eyes of 266 patients undergoing routine cataract surgery were
admitted to the study. Patients with type I or II diabetes were compared to nondiabetics. Clinical evaluation
and outcome measures were conducted before surgery and on day 28. Patients were treated postoperatively
with either steroids, NSAIDs, or their combination. The outcomes were analyzed according to the presence
of diabetes.
III. This study is a prospective randomized clinical trial with 103 eyes of 103 patients with diabetes
undergoing routine cataract surgery. The patients were randomized into two groups: 1) no preoperative
anti-inflammatory medication or 2) preoperative topical anti-inflammatory medication with a combination
of prednisolone acetate and nepafenac. All eyes received postoperative anti-inflammatory combination
9.

therapy for three weeks. Recovery from surgery was recorded using a structured home questionnaire.
Clinical outcome parameters were recorded at 28 days and three months.
Results:
I. In eyes with steroid monotherapy (N = 135), concomitant systemic medication with βǦblockers (12.9 ±
24.0 μm versus 28.6 ± 59.5 μm, P=0.045), CCBs (12.0 ± 22.1 μm versus 26.3 ± 55.6 μm, P=0.041) and statins
(12.9 ± 22.8 μm versus 30.0 ± 61.9 μm, P=0.038) attenuated a change in CRT when compared to patients not
receiving systemic medication. In multivariable analysis, the use of CCBs proved to be an independent
protective factor against macular swelling at 28 days (-0.23; 95% CI [-0.43 to -0.04]; P=0.021) together
with diabetes status. In eyes with NSAID monotherapy (N = 67) and those with steroid and NSAID
combination therapy (N = 67), the CRT increase was moderate both with and without the use of systemic
medication. Changes in vision remained insignificant.
II. In eyes with steroid monotherapy (N = 64), CRT increased more in nondiabetic than in diabetic patients
(38.1 ± 72.8 μm versus 7.8 ± 6.6 μm, P=0.010). In eyes with NSAID monotherapy (N = 157), CRT
increased less in nondiabetic than in diabetic patients (5.7 ± 18.4 μm versus 6.2 ± 20.5 μm, P=0.897). In
eyes with steroid and NSAID combination therapy (N = 55), CRT increased more in nondiabetic than in
diabetic patients (3.6 ± 4.1 μm versus 2.9 ± 3.2 μm, P=0.606). At 28 days post-surgery PCME was reported
in eight eyes, of which seven were in nondiabetic patients (P=1.000).
III. At 28 days, CRT increased more in eyes without preoperative treatment than in eyes with preoperative
treatment (2.2 ± 20.2 μm versus 0.1 ± 25.2 μm, P=0.670). At three months, the respective CRT change
from baseline was greater with preoperative treatment (-1.5 ± 26.9 μm versus -3.4 ± 26.2 μm, P=0.762).
None of the eyes in either group were reported to have PCME. The change in vision remained insignificant.
Conclusions:
I. Systemic vasoactive medication, CCBs in particular, may protect against CRT change induced by
cataract surgery in eyes at risk of PCME, such as those receiving postoperative steroid monotherapy.
II. Diabetic patients showed less change in CRT than controls on steroid monotherapy. Other outcome
measurements showed no statistical differences.
III. Lack of preoperative antiǦinflammatory treatment does not impair recovery from surgery or predispose
diabetic patients to increased risk of PCME in eyes postoperatively treated with combination therapy of
prednisolone acetate and nepafenac.
10.

4. INTRODUCTION

Cataract surgery with modern techniques is considered a cost-effective and safe healthcare intervention.
Pseudophakic cystoid macular oedema (PCME, Irvine-Gass syndrome) is among the most common
complications of cataract surgery, even in the absence of intraoperative complications or other risk factors
(Kessel et al., 2014, Grzybowski et al., 2016, Chu et al., 2016). Depending on the diagnostics and
definitions used, PCME is reported in 1.2 to 4.2% of the general population (Wielders et al., 2018a).
Postoperative sterile inflammation predisposes eyes to breakdown of the blood-retinal barrier (BRB), and
increases vascular permeability and the risk of PCME (Ersoy et al., 2013). Patients with diabetes are at
recognized risk of PCME (Chu et al., 2016). In particular, the coexistence of diabetic retinal manifestations,
insulin dependence and poor glycaemic control has been linked with the risk of macular oedema after
surgery (Ylinen et al., 2017). PCME may appear even in the absence of intraoperative complications and
risk factors (Chu et al., 2016, Ivastinovic et al., 2017).
Glycaemic oscillations may activate oxidative stress and systemic proinflammatory and proapoptotic
signalling pathways. The mechanisms behind the correlation between poor glycaemic control and the risk
of PCME are likely multi-factorial, and may include secretion of inflammatory and vasoactive factors such
as angiopoietin-2 (Ang-2) and vascular endothelial growth factor (VEGF) (Zehetner et al., 2013, Tuuminen
et al., 2015). In BRB breakdown, VEGF has been found to impair endothelial tight junctions and increase
the permeability of retinal blood vessels. Ang-2 promotes microvascular endothelial dysfunction and
pericyte dropout (Hammes et al., 2004, Hammes et al., 2011). Leakage of intravascular fluids into the
extracellular space predisposes eyes to macular oedema (Antonetti et al., 1999, Al-Latayfeh et al., 2012).
The risk of PCME has been estimated to be four times higher in diabetic patients compared with the average
population (Chu et al., 2016). Aqueous cytokine levels have been found to predict macular oedema in nondiabetic as well as diabetic patients after uncomplicated cataract surgery (Chu et al., 2013, Dong et al.,
2015). Furthermore, increased intravitreal levels of interleukins and VEGF have been detected in eyes that
had previously undergone uneventful cataract surgery (Jakobsson et al., 2015). In the retina, statins have
been shown to promote antioxidant and anti-inflammatory properties, and to prevent BRB breakdown,
retinal neovascularization, and proliferative vitreoretinal diseases (Al-Shabrawey et al., 2008, Kawahara et
al., 2008, Bartoli et al., 2009). Statins were also associated with low intravitreal Ang-2 and VEGF levels
in vitrectomized diabetic patients (Tuuminen et al., 2014), however, the opposite has also been presented
(Liinamaa et al., 2008). Strict glycaemic control is associated with lower intravitreal levels of vascular
permeability factors (Zehetner et al., 2013, Tuuminen et al., 2015), and protects against the development
11.

of macular oedema after cataract surgery (Ylinen et al., 2017). Also, managing a diabetic patient’s
cardiovascular risk factors with medications such as systemic vasoactive agents may further decrease the
risk of PCME (Al-Janabi et al., 2018).
Here, we evaluated three different aspects of the formation of PCME in diabetic patients after
uncomplicated cataract surgery. The study included an evaluation of the effects of systemic medication on
PCME in diabetic patients. Another aim was to clarify the role of diabetes itself as an independent risk
factor for PCME. Furthermore, we aimed to study the importance of preoperative anti-inflammatory
medication for the development of PCME in diabetic patients.
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5. REVIEW OF THE LITERATURE

5.1 Cataract
The structure of a normal eye consists of a crystalline lens contained within a capsule, lens epithelium,
cortex, and a nucleus (Fig. 1). The main functions of the lens are to refract light to focus a clear image on
the retina and to provide accommodation. Initially, the lens has a clear structure, but due to aging and other
predisposing factors the lens begins to become
cloudy, a process that can finally lead to visual
impairment. The formation of a cataract is
thought to be multifactorial in nature, but the
most common cause is generally considered to
be aging (Davis, 2016). Smoking and ultraviolet
radiation have also been reported to be risk
factors (Kelly et al., 2005).

Figure 1. The structure of a lens.

5.2 Cataract surgery
If opacification of the lens progresses significantly and vision deteriorates, cataract surgery is the only
established method of treatment today. The criteria for surgery have become much clearer in recent decades
thanks to advances in surgical techniques and improved safety (Davis, 2016).
5.2.1 History of cataract surgery
Couching
The earliest known cataract treatment was performed as early as 800 BC and is known as “couching”. It
was performed using a sharp-tipped instrument to push the cloudy lens into the vitreous cavity (Sachdev,
2017) (Fig. 2). The word “couching” comes from the French word “coucher” which means “to put to bed”.
This procedure was usually performed on mature cataracts with severe vision impairment. The procedure
usually led to an instant vision restoration since the cataractous lens was moved from its place and light was
again allowed to enter the eye.
13.

However, since the lens remained inside the vitreous
cavity, where it caused several problems, and due to the
lack of aseptic techniques at the time, the eventual
result was often blindness (Sachdev, 2017). Couching
is generally considered to have been the predominant
method of cataract surgery until the 18th century, but it
is still performed in some parts of Africa and the Middle
East (Haripriya et al., 2017).

Figure 2. Couching. Reprinted by permission from
Missouri Medicine; 113(1):58-62. Davis G. The Evolution
of Cataract Surgery. Mo Med. 2016;113(1):58 -62.

ECCE
As knowledge in ophthalmology grew the treatment of cataracts also started to face changes. The literature
suggests that as early as 600 BC, an Indian surgeon named Sushruta may have been the first person to
perform some form of extracapsular cataract extraction (ECCE) (Grzybowski et al., 2014). The procedure
is called “extracapsular” since the lens capsule is left in place. Later, in 1747, the first properly documented
ECCE was performed in Paris by the French surgeon Jasques Daviel. This procedure consisted of making
a large corneal incision (over 10 mm), puncturing the lens capsule and extracting the lens cortex, and then
extracting the lens cortex by curettage. Even though the overall success rate was 50%, a major improvement
compared with couching, the postoperative complications were extremely common. Despite its
controversies, ECCE remained the mainstream procedure for cataract treatment until the 19th century, after
which intracapsular cataract extraction (ICCE) emerged.
ICCE
In 1753, Samuel Sharp performed the first documented intracapsular cataract extraction (ICCE) (Hubbel,
1904). In this procedure a large limbal incision is made through which the entire lens, including the lens
capsule, is removed. The surgeon’s thumb was initially used to remove the affected lens from the eye.
Fracturing the zonular fibres with forceps was the norm until 1957, when Joaquin Barraquer discovered
that the enzyme alpha-chymotrypsin would dissolve the zonules (Barraquer, 1966). Cryoextraction was
another method used in ICCE. In this procedure a frozen probe is applied to the cataractous lens, allowing
the lens to be gently pulled out of the eye. Consequently, this form of extraction requires a large incision.
14.

The major downside of this technique, however, is the removal of the lens and lens capsule in its entirety,
leaving the posterior cavity of the eye vulnerable without its natural protective barrier. This can later result
in complications potentially leading to blindness, including retinal detachment, macular oedema, and
corneal decompensation (Davis, 2016).
5.2.2 Modern cataract surgery
Following several advances in surgical techniques the traditional ECCE has evolved into modern day
usage. In 1950, the English ophthalmologist Sir Harold Ridley inserted the first intraocular lens (IOL)
inside the eye to replace a cataractous lens (Apple et al., 1996). Later, in 1967, the American
ophthalmologist Charles D. Kelman introduced phacoemulsification, a technique that uses a small
ultrasound probe to emulsify and aspirate the nucleus from the eye. This revolutionary method was first
greeted with resistance, but was later accepted as a safe and first-choice procedure in the developed world
(Davis, 2016). The benefit of this new method was that it allowed a smaller incision not requiring sutures to
be made, leading to greater anterior chamber stability throughout the operation, shorter recovery time, less
surgically induced astigmatism and greater patient comfort (Davis, 2016). Further progress was made in 1972
when ophthalmic viscosurgical devices (OVDs) were invented. An OVD is a gelatinous substance that
helps the eye to maintain its shape during the operation, thus protecting the interior structures of the eye
(Davis, 2016). Finally, the invention of operating microscopes in the 1970s and 1980s enabled
microsurgery to be performed with better intraocular visibility, further improving the safety of the operation
(Haripriya, 2017). More recently, the introduction of femtosecond laser-assisted cataract surgery (FLACS)
offers advantages over conventional phacoemulsification. It has been utilized in corneal wound creation,
limbal relaxing incisions, capsulotomy and lens fragmentation (Grewal et al., 2016). However, according
to the recent FEMCAT trial, FLACS is not superior to phacoemulsification in cataract surgery and, in
conjunction with its higher cost, does not for the moment provide additional benefit for either patients or
the healthcare system (Schweitzer et al., 2020).
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5.3 Pseudophakic cystoid macular oedema
5.3.1 Definition
PCME is often regarded as the most common complication of cataract surgery (Kiziltoprak et al., 2019,
Grzybowski et al., 2016). It was first described in 1953 by A. Ray Irvine, Jr. in patients with unexplained
visual loss following intracapsular cataract extraction (Irvine, 1953). The cause of the visual loss was later
identified by Gass and Norton as marked macular oedema with a classic perifoveal petaloid pattern of
staining and late leakage from the optic nerve on intravenous fluorescein angiography (IVFA) (Gass et al.,
1966). However, even today the term lacks a universally agreed definition and diagnostic criteria, which
makes it difficult to compare existing studies. The lack of a clear definition means the incidences found in
the literature can also vary a great deal. Rates vary from 1 to 30% depending on the method of calculation.
OCT is considered the most
sensitive method for detecting
and monitoring cystoid macular
edema (CME), however, this
technique cannot determine
the underlying cause of the
oedema

(Wielders

2018a).

PCME

et

has

al.,
been

diagnosed from angiographic
findings from IVFA, from
clinical

findings

by

fundoscopy or simply by loss
of visual acuity (Mentes et al.,
2003, Ching et al., 2006,

Figure 3. Late phase of fluorescein angiography demonstrating the characteristic

Bradford et al., 1988). In clinical petaloid pattern of CME (cystoid macular edema). Reprinted by permission from
practice,

the

IntechOpen. Macular edema and cataract surgery. Cataract Surgery. © 2013

characteristic Tsilimbaris MK, Tsika C, Diakonis V, Karavitaki A, Pallikaris I. Published in [short

findings in OCT include macular

citation] under CC BY 3.0 license. Available from: http://dx.doi.org/10.5772/22479.

thickening and cystic spaces in the outer plexiform layer and occasionally subfoveal fluid, whereas IVFA
shows a classic appearance of perifoveal petaloid staining with or without late leakage from the optic disc
(Kim et al., 2008,Yonekawa et al., 2012) (Fig. 3). Most cases of PCME develop within three months after
cataract surgery, with a peak incidence at four to six weeks postoperatively (Yonekawa et al., 2012,
16.

Henderson et al., 2007). Although PCME in most cases is a self-limiting condition (Fig. 4), it may in
some rare cases lead to permanent vision loss and it should therefore never be overlooked.

Figure 4. OCT 5 weeks, 6 weeks and 3 months after cataract surgery. Note VA = 0.4 at 5 weeks and VA = 1.0 at 3 months. OCT =
optical coherence tomography; VA = visual acuity. Reprinted by permission from Dove Medical Press. Grzybowski A et al.
Pseudophakic cystoid macular edema: update 2016. Clin Interv Aging. 2016;11:1221 -1229.

5.3.2 Pathogenesis
Although the matter is still somewhat controversial, most researchers seem to agree on the
postinflammatory theory in the formation of PCME. Cataract surgery, even when uncomplicated, always
causes an inflammatory reaction in the anterior chamber. The surgical manipulation leads to either
leukotriene (lipoxygenase pathway) or prostaglandin (PG) (cyclooxygenase pathway) production from
uveal tissue and further to the production of arachidonic acid (Hudes et al., 1988). These inflammatory
mediators then diffuse into the posterior chamber and disrupt the BRB at the posterior pole. As a
consequence the permeability of perifoveal capillaries increases and fluid accumulates within the retina
(Flach, 1998). It is postulated that the fluid accumulates in the macula due to reduced reabsorption at the
avascular zone but also because of the high metabolic activity of the fovea (Tsilimbaris et al., 2013). An
illustration of the role of PGs in the formation of CME is presented below (Fig. 5).

17.

Figure 5. Proposed mechanism by which PGs lead to CME formation after cataract surgery. BAB = blood-aqueous-barrier; BRB
= blood-retinal barrier; PG = prostaglandin; CME = cystoid macular oedema.

Other factors that have been suggested to play a role in the formation of PCME include vitreomacular
traction (VMT), light toxicity and vascular instability (Gass et al., 1966, Schubert, 1989, Ursell et al., 1999)
(Fig.6). It has also been shown that the degree of PCME correlates with the degree of postsurgical
inflammation, leading to greater formation of PCME in more complicated surgical cases (Ursell et al.,
1999). However, even uncomplicated cataract surgery carries the risk of an increase in CRT. This
subclinical increase in CRT often tends to resolve spontaneously and may even remain undiagnosed.

18.

Figure 6. The multifactorial formation of PCME. PCME = pseudophakic cystoid macular oedema; VMT = vitreomacular traction.

5.3.3 Diabetes as a predisposing factor
Cataract surgery is one of the most common surgical procedures in developed countries, with an estimated
20% of operations performed on diabetic patients (Cheema et al., 2009). Patients with diabetes are at greater
risk of developing cataracts (Chu et al., 2016). A study in the United Kingdom in 2018 (Becker et al., 2018)
included more than 56,000 patients with diabetes mellitus. They estimated the incidence rates for cataract to
be 20.4 per 1000 person-years compared with 10.8 per 1000 person-years in the general population. The
same study showed that the risk of developing cataract increased with increasing duration of diabetes (Becker
et al., 2018). Diabetes is often also considered to be one of the main risk factors for PCME (Pollack et al.,
1992, Chu et al., 2016). A recent cohort study (Chu et al., 2016) found the incidence of PCME to be four
times higher in diabetics, with an incidence rate of 4.0%, compared to 1.2% in nondiabetics. The same
study also noted a near linear trend between the severity of diabetic retinopathy (DR) and the risk of
developing PCME postoperatively. However, even patients with diabetes without DR had a markedly
increased risk of developing PCME (Chu et al., 2016). Pre-existing impaired BRB function has been
suggested as one of the main reasons for this. Diabetic patients are also considered to have a vulnerable
vascular bed with low integrity of the endothelium and a loss of pericytes, which might make them more
prone to complications from cataract surgery (Das et al., 2015, Hansen et al., 2017, Beltramo et al., 2013).
In one study (Pollack et al., 1992) PCME occurred postoperatively in only 32% of eyes without preoperative
DR and in 81% of eyes with preoperative DR (P<0.05). PCME also persisted one year after surgery in
only 7% of eyes without preoperative DR and in 56% of eyes in which DR persisted (P<0.01).
Angiographic PCME was reported to be more common than clinical PCME in eyes with no preoperative
19.

DR, whereas clinical PCME was seen more often than angiographic PCME when DR was present
preoperatively (P<0.01). The course and final visual outcome of angiographic PCME was more favourable
than in the case of clinical PCME. Final visual acuity (VA) of at least 6/12 was achieved in 86% of eyes
with angiographic PCME and in only 33% of eyes with clinical PCME (Chu et al., 2016). Previous
panretinal photocoagulation did not lower the risk of developing PCME (Chu et al., 2016). Longer duration
of diabetes and insulin dependence have also been proposed as additional risk factors for PCME (Chu et
al., 2016). However, it can be challenging to distinguish PCME from diabetic macular oedema (DME),
which may even lead to overestimation of the incidence (Schaub et al., 2018, Henderson et al.,2007). Optic
nerve staining on fluorescein angiography is a typical sign that can help to distinguish PCME from other
causes of CME, such as DME (Yokonewa et al., 2012, Shelsta et al., 2010).
5.3.4 Other predisposing factors
The incidence of PCME is greater in patients with high-risk characteristics such as pre-existing epiretinal
membrane or macular hole, a history of central retinal vein occlusion or a recent history of uveitis (Schaub
et al., 2018, Copete et al., 2019). Preoperative glaucoma has also been suggested to be a risk factor for
PCME, though a large retrospective study showed no increased incidence of clinical PCME in glaucoma
patients undergoing uncomplicated cataract surgery (Law et al., 2010). The study found no relationship
between the use of prostaglandin analogues for the treatment of glaucoma and the development of PCME.
However, other studies have found that prostaglandins synthesized by the uvea and lens epithelial cells may
be one of the inflammatory mediators associated with PCME (Arcieri et al., 2005, Henderson et al., 2007).
A retrospective case review suggested that ischaemic heart disease could be another patient characteristic
associated with an increased risk of PCME (Jain et al., 2001). Moreover, the systemic diseases associated
with vasculopathy may predispose to PCME due to a defect in autoregulation of retinal capillary blood
flow, although stronger evidence is still lacking (Jain et al., 2001). The postoperative medication chosen can
also be seen as a causative factor in the formation of PCME. Postoperative treatment with NSAIDs plus
steroids has been associated with faster resolution of PCME compared to no treatment (Henderson et al.,
2007). Treating high-risk patients with NSAIDs after cataract surgery decreases the incidence of PCME to
that of patients who are not at high risk (Henderson et al., 2007). Furthermore, some risk factors can be
related to the surgical technique or take place intraoperatively. It has been hypothesized that the light of the
operating microscope might cause subclinical macular damage and lead to visual decreased acuity in
patients who later develop clinical PCME (Klein et al., 1976). Conflicting evidence exists about how well
a UV-filtering IOL protects against pseudophakic macular oedema (Komatsu et al., 1989). Intraoperative
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complications, e.g. vitreous or iris incarceration and consequently increased cumulative dissipated energy
level, are commonly associated with increased intraocular inflammation and, not surprisingly, seem to
induce the development and persistence of PCME (Gass et al., 1969, Spaide et al., 1993, Flach, 1998,
Henderson et al., 2007). Femtosecond laser-assisted cataract surgery has not been reported to be a major
risk factor – alike surgeon experience, pupil size, and the use of 1 mg/0.1 ml intracameral cefuroxime (Chu
et al., 2016, Ma et al., 2017, Ye et al., 2017). Contradictory claims have been made as to whether age,
ethnicity or systemic factors such as hypertension should be considered independent risk factors for PCME
(Chu et al., 2016, Wielders et al., 2018a). Even genetic polymorphism in inflammatory mediators has been
identified as a possible factor that predisposes some patients to PCME (Masood et al., 2007), although
further research is needed.
5.3.5 Treatment
Although modern cataract surgery is considered a relatively safe operation, PCME as a complication can
cause refractive cases with deterioration of vision. The treatment protocols tend to vary locally and several
approaches have been used. Based on the most widely accepted theory in the formation of PCME, first-line
therapy often includes topical corticosteroids and NSAIDs, or a combination of the two (Guo et al., 2015).
Intravitreal agents such as corticosteroids and anti-vascular endothelial growth factors may also be used. In
the case of vitreomacular traction, pars plana vitrectomy (PPV) has been postulated (Guo et al., 2015). Oral
acetazolamide has also been used in refractory cases (Wielders et al., 2018a).
Corticosteroids
The production of leukotrienes (LT) and prostaglandins (PG) is thought to play a key role in the
development of PCME. Corticosteroids are known to inhibit both mediators and thus provide a broad antiinflammatory effect (Conway et al., 2003). They inhibit phospholipase A in the arachidonic acid cascade,
which leads to a decrease in PG synthesis. Furthermore, corticosteroids inhibit macrophage and neutrophil
migration, leading to decreased capillary permeability and vasodilation (Simone et al., 2001).
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5.3.5.1.1 Topical corticosteroids
Conventional topical application to the eye is the route of choice when targeting diseases affecting the
ocular surface and anterior segment, such as uncomplicated cataract surgery, while periocular, intravitreal,
and suprachoroidal injections are more effective for posterior segment diseases (Gaballa et al., 2021).
Prednisolone, prednisolone acetate, dexamethasone, triamcinolone acetonide, fluocinolone acetonide, and
loteprednol etabonate are amongst the most widely used ophthalmic corticosteroids (Gaballa et al., 2021).
Each corticosteroid has its own activity and potency in the eye due to their inherent pharmacological and
pharmaceutical differences (Gaballa et al., 2021). In cataract surgery corticosteroids are most commonly
administered topically directly into the eye, but in refractory cases intravitreal administration has also been
used (Wielders et al., 2018a). Topical administration is typically considered a simple and safe form of
administration, although lower bioavailability and higher dose and dosing frequency are among its
downsides (Gaballa et al., 2021). Corticosteroids, independent of the form of administration, are also
associated with several adverse effects, such as elevated intraocular pressure (IOP), steroid-induced
cataract formation, postoperative infection and impaired wound healing (Guo et al., 2015, Kačmař et al.,
2019, Kersey et al., 2006). Despite this, corticosteroids play a crucial role in ophthalmology due to their
potent anti-inflammatory, anti-oedematous and anti-neovascularization properties (Wielders et al., 2018a,
Gaballa et al., 2021) (Fig. 7).
5.3.5.1.2 Intravitreal corticosteroids
Intravitreal corticosteroids have been used to reach higher concentrations on the retina and to provide better
bioavailability (Benhamou et al., 2003). They have been shown to reduce BRB breakdown and thus to help
stabilize ocular biodynamics (Zhang et al., 2008). Another benefit of these intravitreal compounds is their
longer-lasting effect on retinal cells. The main adverse effect of the intravitreal administration of
corticosteroids is the risk of post-injection IOP elevation (Reichle, 2005, Conway et al., 2003). From 18%
to 36% of the general population have been estimated to be steroid responders carrying the highest risk of elevated
IOP (Tripathi et al., 1999, Pleyer et al., 2013). In these susceptible patients corticosteroids are thought to alter
trabecular meshwork endothelial cells, resulting in decreased outflow of aqueous humor and increase in IOP (Sallam
et al., 2009), but the underlying mechanism is not yet fully understood. Several genes have also been suspected
to play a role in the up-regulation of trabecular meshwork, with the myocilin gene being the most
extensively studied (Kersey et al., 2006). Other possible adverse effects of intravitreal corticosteroids
include infectious or sterile endophthalmitis, retinal detachment and vitreous haemorrhage (Gillies et al.,
22.

2004, Reichle et al., 2005).
Intravitreal corticosteroids offer a prolonged effect on retinal cells. As an example, intravitreal
triamcinolone acetate (IVTA) in its crystalline form has been detected in the vitreous as long as 1.5 years
after its injection (Suh et al., 2008). IVTA might also harm retinal cells if used after vitrectomy with internal
limiting membrane peeling (Szurman et al., 2007, Yeung et al., 2003), and caution in this patient group is
recommended. IVTA might also mask symptoms of endophthalmitis or even increase its risk by impairing
the ocular immune response and leading to greater susceptibility to infection (Bucher et al., 2005).
However, IVTA injections may play a role in the treatment of refractory PCME as despite several adverse
effects the drug remains generally well tolerated (Guo et al., 2015).
Another intravitreal corticosteroid commonly used in the treatment of CME is a dexamethasone implant
(Ozurdex; Allergan, Irvine, CA). Ozurdex is a biodegradable implant that was developed to provide
sustained release of the potent corticosteroid, reducing the need for frequent injections (Maturi et al., 2016).
There is evidence of its efficacy in treating PCME after cataract surgery in cases refractory to first-line
treatment (Bellocq et al., 2015, The EPISODIC study). Data from a more recent study by the same author
(EPISODIC-2 study) involving a larger number of patients and longer follow-up has reinforced these
findings (Bellocq et al., 2017). The results of the second study confirmed the conclusions drawn in the first
study, but also provided new information by stressing the importance of the naïve state and absence of
PCME risk factors in gaining a response to a dexamethasone implant (Bellocq et al., 2017). Increases in
IOP and cataract formation were among the most common adverse events associated with its use (Boyer et
al., 2014). Clinically significant increases in IOP were reported in approximately one-third of the patients
treated with the implant. The increases in IOP were in most cases controlled with medication and rarely
required a laser or surgical procedure for IOP management (Boyer et al., 2014). As a comparison, the
relative risk of IOP rise with IVTA is 2.4 times higher than with a dexamethasone implant and the relative
risk of cataract progression with IVTA 3.5 times higher than with the implant (Mishra et al., 2018). This
makes the newer formulation of sustained release dexamethasone implant a significantly safer option than
IVTA (Mishra et al., 2018).
NSAIDs
NSAIDs are cyclooxygenase (COX) inhibitors. COX enzymes produce PGs and thromboxanes by
catalyzing the biosynthesis of eicosanoids from arachidonic acid (Simone et al., 2001) (Fig. 7). PGs disrupt
the BRB by causing vasodilatation (Kim et al., 2010). There are two main isoforms of COX, namely COX1 and COX-2. COX-1 regulates the general physiological processes of the body, whereas COX-2 is an
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inducible enzyme that acts on inflammatory processes related to pain and fever (Kim et al., 2010). The site
of expression also differs: COX-1 is mainly expressed in the gastrointestinal tract and COX-2 at sites of
inflammation (Hawkey, 2001). The use of COX-2 selective NSAIDs has made it possible to reduce the
adverse effects on the gastrointestinal tract without compromising relief of pain and inflammation.
However, some evidence has pointed to the potential cardiotoxicity of these drugs (Mukherjee et al., 2001).
COX-2 selective NSAIDs, like all other NSAIDs, are also nephrotoxic. Evidence of the potential
importance of the role of COX-2 in ophthalmology has been accumulating recently. It serves as the
predominant isoform in human retinal pigment epithelium cells and is greatly up-regulated in response to
proinflammatory cytokines (Chin et al., 2001). Raised levels of COX-2 have also been found in DR and in
choroidal neovascularization (CNV) with other highly vascularized lesions (Ayalasomayajula et al., 2003,
Carmo et al., 2000, Du et al., 2004, Maloneyet al., 2009). PGs further induce VEGF, which plays a key
role in the development of proliferative diabetic retinopathy (PDR) and neovascular age-related macular
degeneration (Adamis et al., 2009, Aiello et al., 1995b). There is some evidence in animal models of the
possible protective role of NSAIDs in the inhibition of CNV and prevention of DR (Joussen et al., 2002,
Kern et al., 2007). This theory is based on the ability of COX-2 to inhibit angiogenesis (Jones et al., 1999,
Sawaoka et al., 1999).

Phospholipid
Corticosteroids inhibit this step
Arachidonic acid

Other pathways
(e.g. Lipoxygenase)

Cyclooxygenase

NSAIDs inhibit this step
Other inflammatory
mediators (e.g. proteins,
leukotrienes)

PGs

Figure 7. The mechanism of action of corticosteroids and NSAIDs. NSAID = nonsteroidal anti-inflammatory drug; PG =
prostaglandin.
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In ophthalmology NSAIDs have several advantages over corticosteroids including better IOP control and
less risk of secondary infections (Wright et al., 1988, Roberts et al., 1995, Rossetti et al., 1996). There is
also noteworthy evidence that topical NSAIDs lower postoperative inflammation after cataract surgery
(Kim et al., 2010). However, unlike corticosteroids NSAIDs do not inhibit lipoxygenase and thus the
production of leukotrienes is not prevented. NSAIDs have also been shown to have anti-inflammatory and
antiangiogenic effects independent of their inhibition of COX (Kim et al., 2010). NSAIDs also have a
narrower anti-inflammatory effect and a shorter track record of use than corticosteroids, which may explain
why many protocols still favour corticosteroids as first-line treatment after cataract surgery (Grzybowski
et al., 2016). However, there appears to be a synergistic effect of using combined corticosteroid and
nonsteroidal topical therapy over the inflammatory pathway leading to PCME, and both drugs are therefore
likely to maintain their place in the treatment of PCME.
Intravitreal anti-VEGFs
More evidence has recently emerged of the effectiveness of intravitreal anti-VEGF injections against
PCME. VEGF acts as a key mediator of vasculogenesis and angiogenesis but also increases vascular
permeability by causing the dysfunction of tight junctions and activating vesicular-vacuolar organelles
(Cervera et al., 2008, Dvorak et al., 1995, Mehta et al., 2006, Vinores et al., 1999). It also up-regulates the
formation of plasminogen, which further reinforces vascular permeability (Ratnoff, 1965). The mechanism
of action of an anti-VEGF is to restore the occluding proteins in tight junctions in order to reduce oedema
and restore BRB (Aiello et al., 1994a, Andreoli et al., 2007, Cunningham et al., 2005). The VEGF family
consists of the isotypes VEGF-A, VEGF-B, VEGF-C, VEGF-D, placental growth factor and some splice
variants in humans (e.g. VEGF-A 121, VEGF-A 145, VEGF-A 165) (Suarez et al., 2006). In normal
physiology VEGF helps the body to create new blood vessels during embryonic development, after injury or
to bypass blocked vessels (collateral circulation). However, overexpression of VEGF can lead to abnormal
vessel growth and further contribute to disease. Overexpression of VEGF has been detected in several
medical conditions, including some cancers, rheumatoid arthritis as a response to tumour necrosisfactoralpha, age-related macular degeneration (AMD) -associated choroidal neovascularization, and macular
oedema associated with DR or retinal vein occlusions (Guo et al., 2015). In ophthalmology the anti-VEGF
agents ranibizumab (Demirel et al., 2012), bevacizumab, pegaptanib (Gallego-Pinazo et al., 2012, Cervera
et al., 2008) and aflibercept (Heier et al., 2014), have been used with positive results in CME associated
with AMD, DR and vein occlusion. There is strong scientific evidence behind the use of anti-VEGF agents
in these ocular conditions (Brown et al., 2009, Gragoudas et al., 2004, Rosenfeld et al., 2006, Brown et al.,
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2013b, Heier et al., 2006, Campochiaro et al., 2010, Brown et al., 2010, Korobelnik et al., 2013, Brown et
al., 2013a).
However, the literature supporting anti-VEGF treatment against PCME still lacks conviction (Wielders et
al., 2018c, The ESCRS PREMED study report 2). Although some supporting evidence exists, no study has
yet been conducted on patients with PCME in the absence of ischaemic ocular conditions such as DR or
vein occlusion (Guo et al., 2015). Some data even suggests that peripheral ischaemia itself increases the
likelihood of PCME (Jain et al., 2001). Also, the studies published so far have focused on treating refractory
PCME after the failure of other treatment options. Furthermore, the lack of randomized double-blind
placebo trials limits the generalizability of the data, and concerns exist about systemic toxicity in vulnerable
patient populations following intravitreal anti-VEGF injection (Guo et al., 2015). Taking into account the
tendency for spontaneous resolution of PCME, choosing the best treatment option remains rather difficult
(Levin et al., 2002).
Pars plana vitrectomy
Pars plana vitrectomy (PPV) may be indicated for chronic cases of PCME in association with vitreoretinal
traction (Guo et al., 2015). The vitreoretinal traction seen with PCME can be either vitreomacular or
extrafoveal (Schubert, 1989, Martinez et al., 2011). These vitreous tractions, likewise vitreous incarceration
in the cataract wound, are associated with release of inflammatory mediators that lead to increased vascular
permeability and, ultimately, the formation of PCME (Guo et al., 2015). Normal vitreous prostaglandin
levels (100 pg/ml) are typically present in patients following uneventful cataract surgery, however, elevated
vitreous prostaglandin levels (up to 10,000 pg/ml) can occur postoperatively in cases involving significant
iris or vitreous adhesions (Thomas et al., 1985). PPV, instead, has been shown to result in significantly
lower aqueous prostaglandin levels in contrast to preoperative levels (Miyake et al., 2000). This mechanism
can be seen as blocking the inflammatory cascade leading to PCME. Fundus fluorescein angiography has
also shown an improvement post-vitrectomy in those patients with CME of short duration, even if chronic
CME did not respond similarly (Miyake et al., 2000). A history of an epiretinal membrane has also been
linked to PCME (Henderson et al., 2007). However, PCME has also been documented in patients after
cataract surgery despite a previous history of PPV with internal limiting membrane or epiretinal membrane
peeling, suggesting that vitreoretinal traction is not involved in all cases of PCME (Huynh et al., 2007).
PCME has also been described in the setting of inflammation induced by lens fragments left in the vitreous
during complicated cataract surgery (Holekamp et al., 1998, Guo et al., 2015). Here again, PPV aids by
removing the accumulated inflammatory factors along with the retained lens fragments within the vitreous
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and, consequently, hinders the formation of PCME (Miyake et al., 2000).
Surgical treatment of PCME carries significant risk compared with more conservative therapies. The most
common risks associated with PPV include retinal tear, retinal detachment, suprachoroidal haemorrhage
and endophthalmitis (Guo et al., 2015). The incidence of endophthalmitis reported in the literature varies
from 0% to 0.8% (Eifrig et al., 2004). The overall risk of complications of PPV in one study (Stein et al.,
2009) was estimated to be approximately 5%. In this study, the incidence of retinal detachment ranged
from 4.0% to 4.6% in 1994-2005. The authors also estimated that less visually threatening complications
such as glaucoma, vitreous haemorrhage, retinal tear and corneal pathology affect from 14.8 to 20% of
patients. The risk of retinal detachment reported in the literature ranges from 4.0% to 9.0% (Stein et al.,
2009). Patients with severe refractory PCME or those in whom surgery can clearly tackle a specific cause
such as vitreous incarceration in the wound or macular traction and oedema are probably best suited for
surgery (Guo et al., 2015).
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6. AIMS OF THE STUDY

The aim of this study was to investigate factors affecting retinal complications after routine cataract surgery
in diabetic patients. There is currently no uniform algorithm for the prevention of PCME in diabetic
patients. Our intention was to gain a better understanding of these factors in order to help create common
protocols for confronting this important clinical issue.
The specific aims of the study were:
1. to characterize the role of concomitant systemic vasoactive medications in the risk of PCME in
diabetic patients
2. to compare the CRT change after routine cataract surgery in diabetic patients with controls in
different postoperative treatment groups, i.e. steroid monotherapy, NSAID monotherapy and
combination therapy
3. to study the outcomes of uneventful cataract surgery in diabetic patients without retinal
complications
4. to clarify the exact role of diabetes itself, if properly managed, as a risk factor for PCME in diabetic
patients
5. to evaluate the importance of anti-inflammatory medication as preoperative treatment in routine
cataract surgery in diabetic patients
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7. MATERIALS AND METHODS
The dissertation is composed of the three articles presented below.
7.1 Study design
7.1.1 Study design (I)
This study is a post-hoc analysis of two consecutive prospective clinical studies conducted at Kymenlaakso
Central Hospital, Kotka, Finland (Ylinen et al., 2017, Ylinen et al., 2018b). Patients were admitted in
accordance with the national guidelines for the management of cataract surgery. According to a per protocol
analysis, a total of 284 eyes of 273 study patients were enrolled between January 2016 and October 2016
for cataract surgery. After the selection of patients filling the study criteria, the final post hoc analysis
consisted of 269 eyes of 269 patients. The patients were given postoperatively in randomized double-blind
settings either dexamethasone, NSAID or their combination. Altogether 135 eyes received steroid
monotherapy, 67 NSAID monotherapy and 67 eyes a combination of steroid and NSAID therapy. The
patients were examined preoperatively by an ophthalmologist on the day of surgery and they visited a
research technician 28 days after the operation (± 2 days). On both visits, CRT was recorded by spectraldomain OCT (Heidelberg Eye Explorer Version 1.9.10.0 and HRA / SPECTRALIS® Viewing Module
Version 6.0.9.0, Heidelberg Engineering GmbH, Heidelberg, Germany). Each patient’s up-to-date
medication was obtained from The National Archive of Health Information (Kanta). The effect of the
systemic use of vasoactive medication, namely ACE inhibitors/AT2 antagonists, β-blockers, CCBs, nitrates
or lipophilic statins, on CRT change after cataract surgery was examined.
7.1.2 Study design (II)
This study is a post-hoc analysis using data from two prospective randomized double-blind clinical trials
conducted at Kymenlaakso Central Hospital, Kotka, Finland (Ylinen et al., 2018a, Ylinen et al., 2018b). The
patients were enrolled between January 2016 and December 2016. The first study (Ylinen et al., 2018a)
compared the tolerability of two potent NSAIDs in 96 eyes of 95 patients also undergoing routine cataract
surgery. The patients were postoperatively treated with either steroids, NSAID or their combination. In the
second study (Ylinen et al., 2018b), the efficacy of different anti-inflammatory eye drops and their
combinations was compared in 189 eyes of 180 patients undergoing routine cataract surgery. The outcomes
were analyzed according to the presence of diabetes.
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7.1.3 Study design (III)
This was a prospective randomized clinical trial. One hundred and three eyes of 103 patients with diabetes
were admitted as per the national guidelines for the management of cataract at the Department of
Ophthalmology, Kymenlaakso Central Hospital, Kotka, Finland. The patients were enrolled between
March 2017 and March 2018. They were randomized into two groups: those not receiving any preoperative
anti-inflammatory medication (the PRE- group) and those receiving prednisolone acetate (Pred Forte®,
10mg/ml, Allergan, Inc. Irvine, CA) and nepafenac (Nevanac®, 1mg/ml, Novartis, Basel, Switzerland)
combination therapy three times a day (t.i.d) for three days before surgery (the PRE+ group). All patients
received a combination of prednisolone acetate and nepafenac t.i.d for three weeks as postoperative antiinflammatory medication. Clinical outcome parameters were recorded at 28 days and 3 months.

7.2 Surgery
A standardized phacoemulsification technique was used in all cataract operations. The surgeries were
performed by three specialists and three experienced residents. A 2.75 mm clear cornea incision was
followed by capsulorrhexis, phacoemulsification (divide and conquer), and intraocular lens placement into
the capsular bag. An Ozil phacoemulsification handpiece and a 0.9 mm 30-degree bevelled Kelman tip
were used in the phacoemulsification system (Infiniti®, Alcon, Fort Worth, TX). In all cases anaesthesia
was topical. Hyaluronic acid and 1.6% chondroitin sulphate 4.0% (DisCoVisc®, Alcon) were used as the
ophthalmic viscosurgical device. Preloaded aspheric hydrophobic single-piece monofocal intraocular
lenses were used (AU00T0, AcrySof® IQ, SN60WF in the UltraSertTM delivery system, Alcon; and
PCB00, Tecnis® IOL in the iTec® delivery system, Abbott Medical Optics Inc., Santa Ana, Ca).
Antimicrobial medication included intraoperative intracameral cefuroxime (Aprokam®, Laboratoires
Théa, Clermont-Ferrand, France). The postoperative medication varied according to each study plan.
Duration of operation, phaco energy (CDE; Cumulative dissipated energy) and use of an intraocular
surgical aid (StabilEyes® capsular tension ring, Abbott Medical Optics Inc., 6.25 mm Malyugin Ring®
pupil extension device, MicroSurgical Technology, Redmond, WA, USA) were recorded.
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7.3 Clinical evaluation
7.3.1 Visual acuity
Visual acuity (BCVA; Best corrected visual acuity or CDVA; corrected distance visual acuity) were
evaluated preoperatively either using the Snellen chart (I), by the referring ophthalmologist (II) or with an
auto- refractometer (III) and postoperatively with an auto-refractometer (I, II, III) (AR-1s, NIDEK Co. Ltd,
Aichi, Japan) in standardized light conditions. The measurements conducted on our behalf were performed
either by the operating physician or a research technician.
7.3.2 Intraocular pressure
Intraocular pressure (IOP) in all studies was measured by rebound tonometry (iCare® tonometer, Revenio
Group, Vantaa,Finland).
7.3.3 Optical coherence tomography
CRT recorded by spectral-domain optical coherence tomography (OCT) was defined as mean thickness in
the central 1000 ρm diameter area. Follow-up 30-frame scans were performed with AutoRescanTM
software and preoperative OCT analyses were compared to those obtained at the agreed follow-up points
after surgery (Heidelberg Eye Explorer Version 1.9.10.0 and HRA / SPECTRALIS® Viewing Module
Version 6.0.9.0, Heidelberg Engineering GmbH). The diagnosis of PCME was made by the operating
physician based on clinical appearance together with typical OCT findings.
7.3.4 Aqueous flare
Aqueous flare was recorded with a laser flare meter (II, III) (FM-600, Kowa Company, Ltd., Nagoya,
Japan). The mean of five reliable aqueous flare measurements was used in the analysis.
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7.3.5 Diabetic retinopathy
All diabetics belonged to the regular screening program for DR according to the Current Care Guidelines
for DR of the Finnish Medical Society, Duodecim, 2015 (www.kaypahoito.fi). The degree of DR was graded
based on a five-stage severity classification in the first and third studies, although the grouping varied
slightly due to statistical reasons. The classifications were no retinopathy, mild and moderate
nonproliferative retinopathy (NPDR), severe nonproliferative retinopathy (sNPDR), and the proliferative
form of retinopathy (PDR) in the first study, and none, background, moderate or severe nonproliferative
and proliferative retinopathy in the third study. In the second study one of the exclusion criteria was any
form of DR at the preoperative examination as the comparison was made between diabetics without
posterior segment complications and nondiabetics (Table 1).

DR Classification

First study
No retinopathy
Mild and moderate NPDR
Severe NPDR
PDR

Third study
No retinopathy
Mild NPDR (background)
Moderate and severe NPDR
PDR

Table 1. The Classifications of DR used in the first and third studies. In the second study any form of an active DR was an exclusion
criterion. DR = diabetic retinopathy; NPDR = nonproliferative diabetic retinopathy; PDR = proliferative diabetic retinopathy.

7.4 Structured home questionnaire
In our third study we also utilized a home questionnaire to widen our approach. On the day of surgery, all
patients received a structured takeǦhome questionnaire. The questionnaires were crosschecked by the
patient and a research technician at the 28Ǧday postoperative visit before data were collected. The regularity
of eye drop use, date of conjunctival injection and eye irritation cessation, time to reach maximal and stable
VA, and overall satisfaction were recorded. SelfǦmonitored fasting and postprandial blood glucose levels
were recorded daily for 28 days after surgery.

7.5 Up-to-date medication
The information about participants’ up-to-date systemic concomitant medication utilized in the first and
second studies was obtained from The National Archive of Health Information (Kanta), which discloses all
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information on electronic prescriptions on a pharmaceutical database. The postoperative medication varied
according to each study, although there were general similarities (Fig. 8).
In the first study the postoperative topical anti-inflammatory medication was dexamethasone (1 mg/ml,
Oftan Dexa®, Santen Pharmaceutical Co. Ltd, Osaka, Japan; Monopex®, Laboratoires Théa) t.i.d. for three
weeks or a combination of dexamethasone (1 mg/ml) with NSAID (nepafenac 10 mg/ml, Nevanac®, Alcon,
Fort Worth, TX; diclofenac 1mg/ml, Voltaren Ophtha®, Laboratoires Théa) t.i.d. for three weeks. No
preoperative medication was used. Antimicrobial medication included intraoperative intracameral
cefuroxime (Aprokam®, Laboratoires Théa, Clermont-Ferrand, France) and postoperative levofloxacin 5
mg/ml eye drops t.i.d for one week (Oftaquix®, Santen Pharmaceutical Co. Ltd, Osaka, Japan).
In the second study the postoperative steroid treatment was with dexamethasone (Monopex ®, 1 mg/ml,
Laboratoires Théa, Clermont-Ferrand, France) t.i.d for three weeks. The study design of the two trials
included three different NSAID regimens in different drug dispensers: either single-use drug pipettes or a
bottle, depending on the study. NSAID treatment was with preservative-free diclofenac sodium (Voltaren
Ophtha®, 1 mg/ml, Laboratoires Théa; or Dicloabak®, 1 mg/ml, Laboratoires Théa) or nepafenac
(Nevanac®, 1 mg/ml, Novartis, Basel, Switzerland) t.i.d. for three weeks. Combination treatment with both
steroid (Monopex®, 1 mg/ml, Laboratoires Théa) and NSAID (Voltaren Ophtha®, 1mg/ml, Laboratoires
Théa) was prescribed t.i.d. for three weeks. No preoperative medication was used. The antimicrobial
medication used was intraoperative intracameral cefuroxime (Aprokam®, Laboratoires Théa, ClermontFerrand, France). Levofloxacin (Oftaquix®, 5 mg/ml, Santen Pharmaceutical Co. Ltd, Osaka, Japan) eye
drops were used postoperatively t.i.d. for one week in only one of the two RCTs (Ylinen et al., 2018b)
utilized in our post hoc analysis.
In the third study however, patients were randomized into two groups: those not receiving any preoperative
anti-inflammatory medication (the PRE- group) and those receiving prednisolone acetate (Pred Forte®, 10
mg/ml, Allergan, Inc. Irvine, CA) and nepafenac (Nevanac®, 1 mg/ml, Novartis, Basel, Switzerland)
combination therapy t.i.d for three days before surgery (the PRE+ group). All patients received a
combination of prednisolone acetate and nepafenac t.i.d for three weeks as postoperative anti-inflammatory
medication. Antimicrobial medication included intraoperative intracameral cefuroxime (Aprokam®,
Laboratoires Théa, Clermont-Ferrand, France), and no postoperative antimicrobial medication was used
(Fig. 8).
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Figure 8. A simplified illustration of the anti-inflammatory medications used in the studies.

7.6 Inclusion and exclusion criteria
The inclusion criteria for all studies were the same. The study subjects were aged between 60 and 90 and
were eligible for cataract surgery under the Current Care Guidelines for Cataract Surgery of the Finnish
Medical Society, Duodecim, 2013 (www.kaypahoito.fi). The exclusion criteria between the studies had
only slight differences. Below is a detailed listing of the exclusion criteria used in each study (Table 2).
In the first study, the exclusion criteria included prior or active wet ageǦrelated macular degeneration,
retinal vein or artery occlusion, retinal detachment, retinal necrosis, vitritis or endophthalmitis, vitreous
haemorrhage, retinal phlebitis or optic neuritis, planned antiǦVEGF treatments, myopia above −6.0
diopters, alcohol abuse, hypothyroidism with aboveǦnormal thyroidǦstimulating hormone (TSH) levels,
continuous use of antiǦinflammatory drugs and sensitivity to any of the medications used in the operation or
postoperatively. Other exclusion criteria were intraoperative complications such as iris prolapse, use of
sutures or posterior capsule tear, failure to attend the postoperative control visit at 28 ± 2 days and failure
to use the postoperative antiǦinflammatory medication as prescribed. In addition, five eyes of four patients
were excluded from the final post hoc analysis, because the upǦtoǦdate medication data of these patients on
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The National Archive of Health Information pharmaceutical database of electronic prescriptions was
confidential. Furthermore, to avoid bias from statistical dependence, patients recruited for both eyes (though
independently from each other) only the firstǦoperated eye was included in the post hoc analysis.
In the second study, the exclusion criteria were any form of DR at the preoperative examination, prior or
active wet age-related macular degeneration, retinal vein or artery occlusion, retinal detachment, retinal
necrosis, vitritis or endophthalmitis, vitreous haemorrhage, retinal phlebitis or optic neuritis, previous
intraocular procedures (including fundus laser photocoagulation), prior or scheduled anti-VEGF treatment,
and myopia above –6.0 diopters. Alcohol abuse, thyroid disease with abnormal TSH levels, continuous use
of anti-inflammatory drugs, and sensitivity to any of the medications used during or after the operation
were also considered exclusion criteria. Other criteria for exclusion were intraoperative complications such
as iris prolapse, use of sutures or posterior capsule tear, and failure to use the postoperative antiinflammatory medications as prescribed.
And finally, the exclusion criteria for the third study included prior or active wet ageǦrelated macular
degeneration, retinal vein or artery occlusion, retinal detachment, optic neuritis, previous intraocular
procedures (excluding fundus laser photocoagulation), prior or scheduled antiǦVEGF treatment and myopia
above −6.0 diopters, alcohol abuse, thyroid disease with abnormal TSH levels, continuous use of antiǦ
inflammatory drugs and sensitivity to any of the medications used during or after the operation. Other
exclusion criteria were intraoperative complications (such as iris prolapse, use of sutures or posterior
capsule tear) or failure to use the antiǦinflammatory medication as prescribed.
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Wet AMD
CRVO or CRAO
Retinal detachment
Retinal necrosis
Vitritis or endophthalmitis
Vitreous haemorrhage
Retinal phlebitis or optic neuritis
Anti-VEGF treatment
Myopia above -6 D
Alcohol abuse
Hypothyroidism
Long-term use of NSAIDs
Sensitivity to medications used
Intraoperative complication
Failure to attend postoperative visits
Failure to use medications as prescribed
Absence of medication data in Kanta

Any form of DR
Wet AMD
CRVO or CRAO
Retinal detachment
Vitritis or endophthalmitis
Vitreous haemorrhage
Retinal phlebitis or optic neuritis
Previous intraocular procedures
Anti-VEGF treatment
Myopia above -6 D
Alcohol abuse
Hypothyroidism
Long-term use of NSAIDs
Sensitivity to medications used
Intraoperative complication
Failure to attend postoperative visits
Failure to use prescribed medication
Absence of medication data in Kanta

2nd study
Wet AMD
CRVO or CRAO
Retinal detachment
Optic neuritis
Previous intraocular procedure
Anti-VEGF treatment
Myopia above -6 D
Alcohol abuse
Thyroid disease
Long-term use of NSAIDs
Sensitivity to medications used
Intraoperative complications
Failure to use the prescribed medication

3rd study

Table 2. The exclusion criteria. AMD = age-related macular degeneration; DR = diabetic retinopathy; anti-VEGF = anti-vascular endothelial growth factor; NSAID
= nonsteroidal anti-inflammatory drug; Kanta = The National Archive of Health Information.

Exclusion criteria

1st study

7.7 Randomization
In all studies randomization was performed by a research technician before each operation. The drug labels
were covered with the hospital pharmacy’s labels, and the bottles were then put into marked envelopes.
The patients were randomized into groups according to each study plan. After surgery the research
technician distributed the marked envelopes accordingly. The drug labels were revealed after the data had
been analyzed.

7.8 Ethics
The studies were conducted according to the tenets of the Declaration of Helsinki and were approved by
the Research Director and Chief Medical Officer of Kymenlaakso Central Hospital, the Finnish Medicines
Agency Fimea and the Institutional Review Board of Helsinki University Hospital.

7.9 Statistical analysis
The statistical methods varied little between studies. Data in all studies were given as mean ± SD, except
for the absolute numbers and proportions for the nominal scale. Statistical analysis was performed using
IBM SPSS Statistics 24 (SPSS Inc., Somers, NY, USA). BCVA and CDVA decimal values were converted
to the logarithm of the minimum angle of resolution (logMAR) for statistical purposes. P ≤ 0.05 was
considered statistically significant.
In the first study, for twoǦgroup comparisons, parametric variables were analyzed using Student’s tǦtest and
nonparametric variables with the Mann–Whitney UǦtest. The twoǦfactor χ2 test (or Fisher’s exact test when
values in any of the cells of a contingency table were five or below) was used for qualitative data. In the
multivariable analysis of CRT change, linear regression was used. In order to perform linear regression, CRT
change values (Y) were first shift transformed (22.1 μm + Y) based on the smallest value in the cohort (−22.0
μm), followed by transformation from nonlinear to linear data using log10transformation [log10(22.1 +
Y)].
As in the second study, for two-group comparisons the data were analyzed using the two-factor χ2 test for
categorical variables (or Fisher’s exact test when the value in any of the cells of a contingency table was
five or less), Student’s t-test for continuous variables, and the Mann-Whitney U test for nonparametric
variables. The primary outcome measures of the two prospective randomized double-masked trials
reflected the role in macular oedema prevention and tolerability of the topical steroids, NSAIDs, or their
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combination. The present paper is merely explorative and hence no predicted outcome is defined or
statistical hypothesis given substantiating the sample size concerning patients with diabetes. The very low
visual acuity measurements were converted as follows: counting fingers (CF) to 1.9 and hand motion (HM)
to 2.3 logMAR units.
Finally in the third study, for twoǦgroup comparisons at a given timeǦpoint the data were also analyzed
using the twoǦfactor χ2 test for categorical variables, Student’s tǦtest for continuous variables and the MannWhitney UǦtest for nonparametric variables. The primary outcome measure was the change in CRT. The
sample size estimate was based on the hypothesis that the preoperative antiǦinflammatory treatment group
is superior to the postoperative only treatment group in preventing CRT change 28 days after cataract
surgery. CRT was expected to change +16 μm in the postoperative only treatment group, with a standard
deviation of 8 μm. The size of the effect was set at 5 μm; thus, CRT was expected to change by +11 μm in the
preoperative treatment group, with a standard deviation of 8 μm. With a sampling ratio of 1:1, the sample
size needed to be at least 41 in each group to provide a test power of 80%. The significance level was set at
5%. With a 20% estimated dropout rate, the final estimate was 52 in each group.
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8. RESULTS

The results below are presented separately for each original article. The articles are referred to their roman
numerals.

8.1 Systemic use of calcium channel blockers and statins associated with less increase in central
retinal thickness after uncomplicated cataract surgery (I)
8.1.1 Baseline variables (I)
The baseline variables included patient, ophthalmic, systemic disease and systemic medication records. In
the steroid monotherapy group, preoperative CRT was 280.0 ± 48.4 μm, and BCVA 0.57 ± 0.29 logMAR
units. Of the eyes, 64% (N=86) were from diabetic patients and 5% (N=7) had been diagnosed with
glaucoma. The use of ACE inhibitors/AT2 antagonists, β-blockers, CCBs, nitrates and statins ranged
between 16 and 51% (N=21-69).
In the NSAID monotherapy group, preoperative CRT was 275.3 ± 24.1 μm, and BCVA 0.51 ± 0.32
logMAR units. Of the eyes, 24% (N=16) were from diabetic patients and 1% (N=1) had been diagnosed
with glaucoma. The use of ACE inhibitors/AT2 antagonists, β-blockers, CCBs, nitrates and statins ranged
between 12 and 48% (N=8-32).
In the steroid and NSAID combination therapy group, preoperative CRT was 266.9 ± 30.6 μm, and BCVA
0.49 ± 0.20 logMAR units. Of the eyes, 36% (N=24) were from diabetic patients and 16% (N=11) had been
diagnosed with glaucoma. The use of ACE inhibitors/AT2 antagonists, β-blockers, CCBs, nitrates and
statins ranged between 18 and 48% (N=12-32).
Except for the higher prevalence of diabetes, no differences in patient, ophthalmic, or surgical parameters
were found between those with and those without systemic vasoactive medication.
8.1.2 Effects of systemic vasoactive medication in steroid monotherapy (I)
We stratified patients based on their postoperative topical medication and evaluated the effects of systemic
medication independently in these groups. In patients who received topical steroid monotherapy, systemic
use of ACE inhibitors/AT2 antagonists, β-blockers, and statins was more frequent among diabetic patients
(P<0.001, P=0.004, P<0.001, respectively) (Table 3). The concomitant use of systemic vasoactive
medication lowered the CRT increase at 28 days in eyes that had undergone cataract surgery, regardless of
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the higher incidence of diabetes. CRT change for ACE inhibitors/AT2 antagonists was 17.2 ± 31.7 μm
versus 27.5 ± 62.4 μm (P=0.259), for β-blockers 12.9 ± 24.0 μm versus 28.6 ± 59.5 μm (P=0.045), for
CCBs 12.0 ± 22.1 μm versus 26.3 ± 55.6 μm (P=0.041), for nitrates 11.2 ± 38.5 μm versus 24.0 ± 49.9 μm
(P=0.277) and for statins 12.9 ± 22.8 μm versus 30.0 ± 61.9 μm (P=0.038) when compared to the eyes of
patients without systemic medication. The beneficial effect of systemic medication on CRT change was
not observed in BCVA at 28 days (Table 3).
MEDICATION (N = - / +)
ACE/AT2 (66 / 69)
DM (n/%)
CRT change (μm)
BCVA at 28 days
β-blocker (80 / 55)
DM (n/%)
CRT change (μm)
BCVA at 28 days
CCB (96 / 39)
DM (n/%)
CRT change (μm)
BCVA at 28 days
Nitrate (114 / 21)
DM (n/%)
CRT change (μm)
BCVA at 28 days
Statin (75 / 60)
DM (n/%)
CRT change (μm)
BCVA at 28 days

-

+

P=

30 (45 %)
27.5 ± 62.4
0.11 ± 0.22

56 (81 %)
17.2 ± 31.7
0.10 ± 0.21

<0.001
0.259
0.644

43 (54 %)
28.6 ± 59.5
0.08 ± 0.17

43 (78 %)
12.9 ± 24.0
0.14 ± 0.27

0.004
0.045
0.425

60 (63 %)
26.3 ± 55.6
0.12 ± 0.23

26 (67 %)
12.0 ± 22.1
0.08 ± 0.17

0.648
0.041
0.624

70 (61 %)
24.0 ± 49.9
0.10 ± 0.19

16 (76 %)
11.2 ± 38.5
0.16 ± 0.31

0.226
0.277
0.461

35 (47 %)
30.0 ± 61.9
0.11 ± 0.20

51 (85 %)
12.9 ± 22.8
0.10 ± 0.23

<0.001
0.038
0.613

Table 3. Characteristics and cataract surgery outcomes with steroid monotherapy (N=135). Data are given as mean (±SD) or
absolute number and proportion. For two-group comparisons, the two-factor χ2 test (or Fisher’s exact test when values in any of
the cells in a contingency table were five or below) was used for qualitative data (incidence of DM), Student’s t-test for parametric
variables (CRT change) and the Mann-Whitney U test for nonparametric variables (BCVA at 28 days). ACE = angiotensinconverting enzyme inhibitor; AT2 = angiotensin II receptor antagonist; β-blocker = beta-blocker; BCVA = best corrected visual
acuity in logMAR units; CCB = calcium channel blocker; CRT = central retinal thickness; DM = diabetes mellitus type I or II;
statin = HMG-CoA reductase inhibitor.

Multivariable analysis for macular swelling at 28 days included all systemic medications showing statistical
significance (i.e. β-blockers, CCBs, and statins) together with diabetes status. For the calculation of CRT
change values, see Statistical analysis in the Materials and methods section. Linear regression yielded a
statistically significant overall model (P=0.011). In multivariable analysis, CCBs (-0.23; 95% CI [-0.43 –
-0.04]; P=0.021) and diabetes (-0.25; 95% CI [-0.46 – -0.04]; P=0.021) were independent protective
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factors against CRT increase, whereas β-blockers and statins were non-significant (P=0.181 and P=0.189,
respectively) (Table 4).

CCB
Diabetes
β–blocker
Statin

Hazard ratio (95% CI)
-0.23 (-0.43- -0.04)
-0.25 (-0.46- -0.04)
NS
NS

P=
0.021
0.021
0.181
0.189

Table 4. Multivariable analysis for macular swelling at 28 days. The diagnostic criteria for macular swelling was defined as a CRT
increase ≥ 10% from baseline and foveal cysts with expected visual deterioration. CCB = calcium channel blocker; β-blocker =
beta-blocker.

8.1.3 Effects of systemic vasoactive medication in NSAID monotherapy and steroid and
NSAIDcombination therapy (I)
In patients receiving topical NSAID monotherapy, systemic use of CCBs and nitrates was more frequent
among diabetic patients (P=0.002, P=0.016, respectively). The concomitant use of systemic vasoactive
medication did not significantly affect CRT change at 28 days. CRT change for ACE inhibitors/AT2
antagonists was 5.8 ± 6.9 μm versus 5.8 ± 5.5 μm (P=0.983), for β-blockers 4.3 ± 5.4 μm versus 6.9 ±
6.4 μm (P=0.097), for CCBs 5.8 ± 3.1 μm versus 5.8 ± 6.5 μm (P=0.978), for nitrates 5.1 ± 5.5 μm versus
5.9 ± 6.2 μm (P=0.762) and for statins 5.7 ± 6.7 μm versus 5.8 ± 5.9 μm (P=0.944) when compared to the
eyes of patients without systemic medication.
In patients receiving topical steroid and NSAID combination therapy, systemic use of ACE inhibitors/AT2
antagonists, CCBs and statins was more frequent among diabetic patients (P=0.021, P=0.004, P<0.001,
respectively). The CRT increase 28 days after cataract surgery was comparable in eyes with or without
concomitant systemic vasoactive medication. CRT change for ACE inhibitors/AT2 antagonists was 4.8 ±
8.1 μm versus 5.3 ± 8.1 μm (P=0.787), for β-blockers 3.9 ± 8.8 μm versus 5.9 ± 7.5 μm (P=0.326),
for CCBs 6.7 ± 10.8 μm versus 4.5 ± 6.9 μm (P=0.453), for nitrates 2.6 ± 6.6 μm versus 5.6 ± 8.3 μm
(P=0.260) and for statins 5.2 ± 5.0 μm versus 5.0 ± 8.9 μm (P=0.943) when compared to eyes from patients
without respective systemic medication.
8.1.4 Effect of systemic medication on the presence of PCME (I)
During the follow-up, ten eyes with PCME were reported, all patients on steroid monotherapy. The
distribution of the 135 eyes treated with steroid monotherapy was analyzed according to the presence of
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PCME and the use of systemic medication. PCME was found in seven of 66 eyes without and in three of
69 eyes with ACE inhibitors/AT2 antagonists (P=0.201), in eight of 80 eyes without and in two of 55 eyes
with β-blockers (P=0.199), in nine of 96 eyes without and in one of 39 eyes with CCBs (P=0.280), in nine
of 114 eyes without and in one of 21 eyes with nitrates (P=1.000), and in eight of 75 eyes without and two
of 60 eyes with statins (P=0.184).

8.2 Diabetes alone does not worsen recovery from uneventful cataract surgery (II)
8.2.1 Baseline variables (II)
Baseline variables for age and gender distribution, ophthalmic (aqueous flare, CDVA, CRT, IOP,
pseudoexfoliation syndrome) and surgical characteristics (operation time, phaco energy [cumulative
dissipated energy, CDE], use of a pupil expansion device and capsular tension ring) were comparable for
non-diabetic and diabetic patients (P= NS).
After stratification for postoperative anti-inflammatory medication (steroids, NSAID, or their combination)
all patient, ophthalmic and surgical baseline variables were comparable for the non-diabetic and diabetic
groups, except for patient age for eyes treated with NSAID monotherapy (75.4 ± 6.1 years in non-diabetic
patients versus 78.0 ± 5.9 years in diabetic patients, P=0.029).
8.2.2 Aqueous flare and central retinal thickness in the eyes of diabetic patients without
posterior segment complications (II)

The change in aqueous flare was +6.3 ± 16.4 pu/msec for the eyes of non-diabetic patients and +3.7 ± 8.9
pu/msec for the eyes of diabetic patients (P=0.282). At 28 days, aqueous flare was 15.5 ± 16.9 pu/msec
and 13.6 ± 8.8 pu/msec, respectively (P=0.279). The change in CRT was +12.0 ± 38.2 μm in the
eyes of non-diabetic patients and +5.9 ± 15.8 μm in the eyes of diabetic patients (P=0.256). Differences
in the incidences of eyes showing a CRT increase of 10%, 20%, and 30% from the preoperative situation
were non-significant between non-diabetic and diabetic patients. At 28 days, CRT was 284.6 ±50.2 μm
and 276.8 ± 31.6 μm, respectively (P=0.275).
We stratified the patients according to their postoperative anti-inflammatory medications and evaluated the
effects of diabetes in these subgroups. In the steroid monotherapy group, the change in aqueous flare was
+12.5 ± 21.5 pu/msec for the eyes of non-diabetic patients, and +6.5 ± 7.7 pu/msec for the eyes of diabetic
patients (P=0.373). In the NSAID monotherapy group, the change was +4.4 ± 13.0 pu/msec in the eyes of
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non-diabetic patients, and +4.4 ± 8.6 pu/msec in the eyes of diabetic patients (P=0.998). In the steroid
and NSAID combination therapy group, the respective values were +4.8 ± 17.4 pu/msec and -0.8 ± 9.8
pu/msec (P=0.314, Table 5).
In the steroid monotherapy group, the change in CRT was +38.1 ± 72.8 μm in the eyes of non-diabetic
patients, and +7.8 ± 6.6 μm in the eyes of diabetic patients (P=0.010). In the NSAID monotherapy group,
CRT change was +5.7 ± 18.4 μm in the eyes of non-diabetic patients, and +6.2 ± 20.5 μm in the eyes of
diabetic patients (P=0.897). In the steroid and NSAID combination therapy group, the respective values
were +3.6 ± 4.1 μm and +2.9 ± 3.2 μm (P=0.606, Table 5).
DM -

DM +

P=

Steroid monotherapy
Aqueous flare change (pu/msec)
Aqueous flare at 28 days (pu/msec)
CDVA change (logMAR)
CDVA at 28 days (logMAR)
CRT change (μm)
CRT at 28 days (μm)

+12.5 ± 21.5
23.3 ± 24.8
-0.49 ± 0.41
0.10 ± 0.19
+38.1 ± 72.8
307.5 ± 85.1

+6.5 ± 7.7
16.4 ± 12.4
-0.39 ± 0.23
0.06 ± 0.14
+7.8 ± 6.6
283.8 ± 25.2

0.373
0.375
0.367
0.495
0.010
0.102

NSAID monotherapy
Aqueous flare change (pu/msec)
Aqueous flare at 28 days (pu/msec)
CDVA change (logMAR)
CDVA at 28 days (logMAR)
CRT change (μm)
CRT at 28 days (μm)

+4.4 ± 13.0
12.8 ± 12.8
-0.45 ± 0.25
0.03 ± 0.14
+5.7 ± 18.4
281.5 ± 34.5

+4.4 ± 8.6
14.0 ± 7.8
-0.56 ± 0.62
0.10 ± 0.19
+6.2 ± 20.5
280.6 ± 34.0

0.998
0.631
0.530
0.136
0.897
0.895

Steroid and NSAID combination therapy
Aqueous flare change (pu/msec)
Aqueous flare at 28 days (pu/msec)
CDVA change (logMAR)
CDVA at 28 days (logMAR)
CRT change (μm)
CRT at 28 days (μm)

+4.8 ± 17.4
13.9 ± 12.8
-0.47 ± 0.36
0.06 ± 0.18
+3.6 ± 4.1
268.6 ± 21.7

-0.8 ± 9.8
9.8 ± 5.5
-0.40 ± 0.16
0.02 ± 0.11
+2.9 ± 3.2
258.1 ± 25.8

0.314
0.326
0.590
0.646
0.606
0.173

Table 5. Outcomes of cataract surgery at 28 days stratified by topical anti-inflammatory medication. Data are given as mean (±SD).
For two-group comparisons, continuous variables (CRT) were analyzed using the Student’s t-test and the ordinal measurement
scale (CDVA and satisfaction) with the Mann-Whitney U test. CDVA = corrected distance visual acuity; CRT = central retinal
thickness; DM = diabetes mellitus; logMAR = log of the minimum angle of resolution; NSAID = nonsteroidal anti-inflammatory
drug; pu = photon units.
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8.2.3 Intraocular pressure and visual acuity in the eyes of diabetic patients without
posterior segment complications (II)
The change in IOP was -5.5 ± 3.8 mmHg in the eyes of non-diabetic patients, and -4.8 ± 3.1 mmHg in the
eyes of diabetic patients (P=0.258). At 28 days, IOP was 10.6 ± 3.0 mmHg in the eyes of non-diabetic
patients, and 10.9 ± 3.1 mmHg in the eyes of diabetic patients (P=0.428). In the steroid monotherapy,
NSAID monotherapy, and combination therapy subgroups, IOP was comparable for eyes of non-diabetic
and diabetic patients.
The CDVA gain was 0.47 ± 0.34 logMAR units in the eyes of non-diabetic patients, and 0.45 ± 0.43
logMAR units in the eyes of diabetic patients (P=0.126). At 28 days, CDVA was 0.06 ± 0.17 logMAR
units in the eyes of non-diabetic patients, and 0.07 ± 0.16 logMAR units in the eyes of diabetic patients
(P=0.771). CDVA gain was comparable for the eyes of non-diabetic and diabetic patients in the steroid
monotherapy, NSAID monotherapy, and steroid and NSAID combination therapy subgroups (Table 5).
8.2.4 Presence of pseudophakic cystoid macular oedema in the eyes of diabetic patients
without posterior segment complications (II)
Overall, eight cases of PCME were documented, seven (incidence 3.2 %) in the eyes of non-diabetic
patients and one (1.8 %) in a diabetic patient (P=1.000, Table 6).

All

DM 7 of 220 (3.2%)

DM +
1 of 56 (1.8%)

Steroid monotherapy

7 of 51 (13.7%)

0 of 13 (0%)

NSAID monotherapy

0 of 125 (0%)

1 of 32 (3.1%)

0 of 44 (0%)

0 of 11 (0%)

Steroid and NSAID combination

Table 6. Distribution of PCME at 28 days. Data are given as absolute numbers. DM = diabetes mellitus; NSAID = nonsteroidal
anti-inflammatory drug; PCME = pseudophakic cystoid macular oedema.

8.3 Preoperative anti-inflammatory treatment of diabetic patients does not improve recovery from
cataract surgery when postoperatively treated with a combination of prednisolone acetate and
nepafenac (III)
8.3.1 Baseline variables (III)
Baseline variables for the patient (age, gender, HbA1c level, insulin dependence), ophthalmic
44.

characteristics (degree of DR, aqueous flare, CDVA, CRT, IOP), and systemic medication were
comparable between the two study groups.
8.3.2 Subjective irritation symptoms and patient satisfaction (III)
The response rate to the structured home questionnaire for patient check-up at 28 days was 65% (33 of 51
patients) in the PRE- group and 67% (32 of 48 patients) in the PRE+ group. The difference in the duration
of conjunctival injection after surgery was statistically non-significant between the PRE- (2.4 ± 1.7 days)
and PRE+ (1.6 ± 1.6 days) groups (P=0.067). The groups were comparable in terms of the duration of eye
irritation after surgery: 3.3 ± 3.9 days and 2.4 ± 4.0 days, respectively (P=0.431). Moreover, the time to
reach maximal and stable VA (4.5 ± 3.4 days versus 5.0 ± 4.8 days; P=0.455) and overall patient satisfaction
at 28 days on a scale of 0-10 (9.2 ± 0.8 versus 9.5 ± 0.8; P=0.166) did not differ between the PRE- and
PRE+ groups.
8.3.3 Aqueous flare, macular thickness and presence of pseudophakic cystoid macular
oedema (III)
The aqueous flare change at 28 days was +4.7 ± 12.3 pu/msec in the eyes in the PRE- group, compared
with -1.9 ± 13.0 pu/msec in the PRE+ group (P=0.016, Table 7). At three months, the change in aqueous
flare was +2.6 ± 12.4 pu/msec in the PRE- group and -0.2 ± 14.8 pu/msec in the PRE+ group (P=0.356,
Table 7).
The CRT change at 28 days was +2.2 ± 20.2 μm in the PRE- group and +0.1 ± 25.2 μm in the PRE+ group
(P=0.670, Table 5). At three months, the CRT changes were -1.5 ± 26.9 μm and -3.4 ± 26.2 μm, respectively
(P=0.762, Table 7).
Changes from the baseline for parafoveal and perifoveal thickness, and total macular volume at 28 days
and at three months did not differ between the PRE− and PRE+ groups. Furthermore, differences in CDVA
gain and IOP reduction at 28 days and at three months were nonsignificant between the study groups
(P=NS, Table 7).
At 28 days, macular thickening (CRT ≥ 10% from baseline with no signs of cystoid changes) was observed
in four eyes in the PRE- and two eyes in the PRE+ groups. Importantly, at 3 months macular thickening
was not observed in any of the six eyes. During the 3Ǧmonth followǦup, no cases of PCME were diagnosed
in either study group (Table 7).
Self-monitored blood glucose levels during the 28-day follow-up after cataract surgery were comparable
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between the study groups (6.8 ± 1.6 mmol/l in the PRE- and 7.1 ± 1.9 mmol/l in the PRE+ group; P=0.670).
Postoperative self-monitored blood glucose levels did not correlate with either aqueous flare or CRT change
(P=NS).

Aqueous flare (pu/msec)
change at 28 days
change at 3 months
CDVA (decimals)
change at 28 days
change at 3 months
CRT (μm)
change at 28 days
change at 3 months
IOP (mmHg)
change a 28 days
change at 3 months
PCME (N)
at 28 days
at 3 months

PRE -

PRE +

P=

+4.7 ± 12.3
+2.6 ± 12.4

-1.9 ± 13.0
-0.2 ± 14.8

0.016
0.356

+0.44 ± 0.31
+0.46 ± 0.29

+0.46 ± 0.31
+0.53 ± 0.30

0.843
0.410

+2.2 ± 20.2
-1.5 ± 26.9

+0.1 ± 25.2
-3.4 ± 26.2

0.670
0.762

-3.1 ± 3.9
-3.5 ± 4.0

-1.7 ± 2.5
-3.1 ± 3.1

0.050
0.676

-

-

Table 7. Clinical parameter outcomes. Data are given as mean (±SD). For two-group comparisons at a given time point, continuous
variables were analyzed using Student’s t-test and ordinal measurement scale (CDVA) with the Mann-Whitney U test. CDVA =
corrected distance visual acuity; CRT = central retinal thickness; IOP = intraocular pressure; PCME = pseudophakic cystoid
macular oedema; pu = photon units.

8.3.4 Effect of the degree of diabetic retinopathy on cataract surgery outcome measures (III)
Finally, we analyzed the outcome measures in eyes with (N=6) and without (N=97) the proliferative form of
DR (PDR). Baseline HbA1c levels were 68.5 ± 16.9 mmol/mol (8.4 ± 1.5%) in patients with PDR and
52.2 ± 14.8 mmol/mol (6.9 ± 1.4 %) in patients without PDR (P=0.014).
At 28 days, CDVA gain and CRT change were 0.24 ± 0.13 decimals and +4.2 ± 7.5 μm, respectively, in
patients with PDR, compared to 0.47 ± 0.31 decimals (P=0.210, Table 8) and +1.1 ± 23.1 μm (P=0.745,
Table 8) in patients without PDR. At three months, CDVA gain and CRT change were 0.33 ± 0.28 decimals
and -0.8 ± 16.7 μm, respectively, in patients with PDR compared to 0.52 ± 0.29 decimals (P=0.285, Table
8) and -2.5 ± 27.2 μm (P=0.831, Table 8) in patients without PDR.
CDVA gain and CRT change at 28 days and three months were comparable between the PRE- and PRE+
groups in a subgroup of patients with PDR (P=NS) and in another subgroup of patients without PDR
(P=NS).
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CDVA (decimals)
change at 28 days
change at 3 months
CRT (Pm)
change at 28 days
change at 3 months

P=

PDR –

PDR +

N = 97

N=6

+0.47 ± 0.31
+0.52 ± 0.29

+0.24 ± 0.13
+0.33 ± 0.28

0.210
0.285

+1.1 ± 23.1
-2.5 ± 27.2

+4.2 ± 7.5
-0.8 ± 16.7

0.745
0.831

Table 8. Recovery from cataract surgery in eyes with or without PDR. Data are given as mean (±SD). For two-group comparisons
at a given timepoint, continuous variables (CRT) were analyzed using the Student’s t test and ordinal measurement scale (CDVA)
with the Mann-Whitney U test. CDVA = corrected distance visual acuity; CRT = central retinal thickness; PDR = proliferative
diabetic retinopathy.
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9. DISCUSSION

9.1 General overview
The prevention of PCME remains a challenge in pursuit of maximum vision potential after cataract surgery.
Although the majority of cases resolve spontaneously without interventions, PCME is still an important
cause of suboptimal vision after cataract surgery. However, concerns have also been raised about
overestimating the importance of diabetes as a risk factor for PCME. Although the incidence of PCME has
been found to be higher in diabetic patients in large registry-based studies and, in particular, its prevalence
has been found to correlate with the stage of DR (Chu et al., 2016), these analyses relate to patients with
steroid monotherapy and no prophylactic treatment with NSAID has been taken into account. Furthermore,
biased postoperative screening between diabetic and nondiabetic patients and the lack of pre-existing
information on their macular status may also lead to overestimation of diabetes as a risk factor for PCME.
Nonetheless, while numerous scientific studies have been conducted on the prevention of PCME in
nondiabetics (Simons et al., 2020, The ESCRS PREMED study report 4, Wielders et al., 2018b, The
ESCRS PREMED study report 1), the information obtained cannot be directly applied to diabetics. There
are still no generally accepted treatment modalities for diabetic patients undergoing cataract surgery due
to the scarcity of scientific knowledge. According to the Finnish Institute for Health and Welfare (THL)
type I diabetes is more common in Finland than anywhere else in the world, with the Finnish genetic
heritage suggested to be the reason. For type II diabetes the Finnish incidence is about the European average.
While the incidence of type I diabetes around the world is showing a moderately increasing trend
(Tuomilehto et al., 2013), the incidence of type II diabetes is predicted to increase rapidly in the future both
in Finland and worldwide (THL). The latter has been described as one of today’s fastest growing health
threats. The modern way of life, lack of exercise and increasing overweight are considered the main factors
behind it (THL). Improved diagnostics, changes in the diagnostic criteria, aging of the population and
greater life expectancy may also play a part. As the incidence of diabetes increases, the number of diabetic
patients in need of cataract surgery will also increase. This poses a challenge that we should be prepared to
face in the near future.
9.2 Study limitations
As the sample size in our first study was fairly small, large registry-based studies would shed more light on
the importance of systemic medication in the prevention of PCME. Due to the general treatment modalities,
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diabetic patients may be prescribed more systemic medications compared to nondiabetics, and we therefore
aimed to control this possibly biasing effect by including a multivariable analysis in the study. It is also
known that prediabetes and diabetes without retinopathy can cause macular thinning (Huru et al., 2020). In
our study we analyzed the change in CRT without concentrating on the initial thickness of CRT separately
in each study group, and thus further studies to include this aspect would be of use. Furthermore, we suggest
that any future study plan examining PCME prevention should take into account the cardiovascular
medication of the participants, particularly in diabetic patients. The protective features of β-blockers and
statins against PCME also need further investigation.
Our second study also had a fairly small sample size and consequently caution is needed in drawing
conclusions regarding our clinically important statement that diabetes might not, after all, if properly
managed, increase the risk of PCME. The follow-up time was only 28 days, so late-phase follow-ups could
provide more detailed information about the differences in macular kinetics between diabetic and
nondiabetic patients. Furthermore, visual acuity in this study was measured postoperatively with an autorefractometer by a research technician whereas preoperatively it was evaluated by the referring
ophthalmologist, and these values might thus contain more heterogeneity. In view of this we cannot confirm
that the conditions were fully standardised and this prevents us from drawing definite conclusions on the
issue.
A fairly small sample size and short follow-up time also applied to our third study, and hence more research
is needed. As the incidence of PCME in diabetic patients has previously been estimated to be relatively
small (3-4%) (Schmier et al., 2007, Chu et al., 2016, Wielders et al., 2018a) new cases can still appear even
after the three month follow-up we used. This should be remembered, particularly in diabetic patients with
pre-existing retinal abnormalities (Baker et al., 2013). We also noted that aqueous flare was slightly elevated
in the PRE- group at three months, which may be of importance in clinical practice in terms of the late
occurrence of PCME. This might stress the need for longer anti-inflammatory treatment in the eyes of
patients with prior or manifest DME. Consequently, our findings may overestimate the importance of antiinflammatory combination treatment in the prevention of PCME. Nevertheless, it should be noted that our
study excluded patients with previous or ongoing anti-VEGF treatment, which lessened the likelihood of
pre-existing DME among participants.
Furthermore, considering all studies together, we did not report the results for type I and type II diabetes
separately, and since these two diseases are in reality completely different entities, this aspect needs to be
examined in the future to deepen our understanding of the issue.
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9.3 Clinical implications
As the number of diabetic patients in need of cataract surgery will increase in the coming years, special
consideration should be given to healthcare resources. Better recognition of patients in risk groups would
serve every level of the diagnostic path. We hope that our findings will help to create common treatment
algorithms for diabetic patients entering cataract surgery. According to our findings, the prevention of
PCME in diabetic patients might thus need a wider approach than has generally been thought. Special
consideration should be given to primary healthcare and the important groundwork being done in the
management of diabetes and other cardiovascular systemic diseases. The better balance we succeed to gain
with these systemic diseases, the fewer the risks of retinal complications at the time of cataract surgery.
Greater awareness of the risk groups means better and more cost-effective treatment. The prize is greater
vision gain for our patients. It is well known how limited healthcare resources can be, which means that
better planning is needed to optimize the results and reach the goal.

50.

10. CONCLUSIONS

Overall, our results emphasize the importance of optimizing systemic medication in diabetic patients, while
CCBs, in particular, may play a protective role in the prevention of PCME. In addition, diabetes itself was
shown not to increase the risk of PCME if appropriately managed. These findings encourage us to stress
the importance of optimal management of diabetes and other cardiovascular diseases before scheduling
cataract surgery. Another approach was to estimate the need for preoperative anti-inflammatory medication
in diabetic patients in order to avoid the increased risk of PCME. Our conclusion was that a lack of
preoperative anti-inflammatory medication does not impair recovery from surgery or predispose diabetic
patients to an increased risk of PCME in eyes treated postoperatively with a combination of prednisolone
acetate and nepafenac.
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11. YHTEENVETO (FINNISH SUMMARY)

Tutkimuksemme

tavoite

oli

syventää

tietoutta

diabetespotilaiden

kaihileikkauksen

jälkeisten

komplikaatioiden ehkäisemisestä. Kaihileikkauksen jälkeinen makulaturvotus (PCME; pseudophakic cystoid
macular edema) on yksi yleisimmistä kaihileikkauksen komplikaatioista, ja sen riskin on aiemmin osoitettu
lisääntyvän diabeetikoilla. Diabetespotilaiden näköennuste kaihileikkauksen jälkeen on ei-diabeetikkoja
heikompi, ja he tarvitsevat keskimäärin tiiviimpää leikkauksen jälkeistä paikallishoitoa ja seurantaa.
Tutkimuksemme ensimmäinen osatyö valottaa systeemilääkityksen merkitystä PCME:n esiintyvyyteen.
Havaitsimme beetasalpaajilla, kalsiumestäjillä ja statiineilla olevan kortisoniryhmässä verkkokalvon
paksuutta (CRT; central retinal thickness) vähentävä vaikutus huolimatta korkeammasta diabeteksen
esiintyvyydestä.

Monimuuttuja-analyysissä

kalsiumestäjien

systeeminen

käyttö

osoittautui

diabetespotilailla itsenäiseksi suojaavaksi tekijäksi PCME:tä vastaan. Beetasalpaajien ja statiinien osalta
havaitsimme vahvan korrelaation diabeteksen esiintyvyyden kanssa. Emme kuitenkaan voineet arvioida
syy-yhteyden suuntaa, koska kyseessä on retrospektiivinen tutkimus. Kliininen ja biokemiallinen
näkökulma huomioiden on kuitenkin todennäköisempää, että tutkimuksessamme esiin noussut diabeteksen
PCME:ltä suojaava vaikutus välittyy todellisuudessa systeemilääkitysten, kuten beetasalpaajien ja
statiinien kautta. Löydöksemme viittaavat siihen, että PCME:n esiintyminen diabeetikoilla voi vähentyä,
mikäli systeemisairauksien hoito on hyvässä tasapainossa.
Väitöskirjan toinen osatyö tukee ensimmäisessä osatyössä kuvattuja löydöksiä systeemisairauksien
kliinisen stabiliteetin tärkeydestä diabetespotilaiden kaihileikkauksen komplikaatioiden ehkäisyssä.
Tutkimuksessa verrattiin ei-diabeetikkoihin tyypin I ja II diabeetikkoja, joille ei ollut kehittynyt
diabeteksen aiheuttamia verkkokalvovaurioita (makulopatiaa tai retinopatiaa). Diabetesta sairastavien
potilaiden keskimääräinen verensokeritasapaino oli hyvä ja muu systeemilääkitys ajantasainen. Vastoin
aiempaa käsitystä havaitsimme, että diabetes itsenäisenä tekijänä ilman retinopatiamuutoksia ei lisännyt
PCME:n muodostumisen riskiä, mikäli tauti oli hyvässä hoitotasapainossa ja kliinisesti stabiili. Myös
leikkauksen jälkeinen näöntarkkuus oli vertailukelpoinen ryhmien välillä. Löydöstemme perusteella
päättelimme, että mikäli diabetespotilaiden glykeeminen kontrolli on optimoitu, voi se yhdessä muiden
kardiovaskulaaristen riskitekijöiden hyvän hoidon kanssa suojata myös kaihileikkauksen jälkeisiltä
verkkokalvokomplikaatioilta.
Kolmas prospektivinen osatyö käsitteli preoperatiivisen anti-inflammatorisen lääkityksen merkitystä
diabetespotilaan

kaihileikkauksen

jälkihoidossa.

Kaihileikkaukseen

saapuvat

diabetespotilaat

satunnaistettiin kahteen ryhmään; ensimmäisessä ryhmässä lääkitys aloitettiin kolme vuorokautta ennen
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kaihileikkausta ja toisessa leikkauksen jälkeen. Havaitsimme, että preoperatiivista lääkitystä käyttäneiden
potilasryhmässä silmän sisäinen inflammaatio oli vähäisempää 28. päivän kohdalla leikkauksesta, mutta
ero tasaantui ryhmien välillä 3 kuukauden kohdalle saavuttaessa. Makulan keskipaksuudet säilyivät
keskenään verrannollisina. Kummassakaan ryhmässä ei havaittu kaihileikkauksen jälkeistä kystistä
makulaturvotusta. Preoperatiivinen lääkitys ei siis vähentänyt PCME:n ilmaantumista, mikäli
postoperatiivinen lääkitys oli asianmukainen.

53.

12. SAMMANFATTNING (SWEDISH SUMMARY)

Syftet med vår avhandling var att fördjupa kunskaperna om förebyggande av komplikationer efter
kataraktoperationer hos patienter med diabetes. Makulaödem efter kataraktoperation (PCME;
pseudophakic cystoid macular edema) är en av de vanligaste komplikationerna efter kataraktoperationer,
och risken för denna komplikation har tidigare påvisats vara förhöjd hos diabetiker. Diabetespatienters
synprognos efter kataraktoperation är sämre än för icke-diabetiker, och de behöver i genomsnitt mer
frekvent postoperativ lokalbehandling och uppföljning.
Det första delarbetet i vår avhandling belyser betydelsen av systemisk läkemedelsbehandling med avseende
på prevalensen av PCME. Vi upptäckte att betablockerare, kalciumantagonister och statiner ledde till en
minskning av retinal tjocklek (CRT; central retinal thickness) i kortisongruppen, trots en högre
diabetesprevalens. I en multivariat analys visade sig systemisk användning av kalciumantagonister vara en
självständig skyddande faktor mot PCME hos diabetespatienter. Beträffande betablockerare och statiner
upptäckte vi en stark korrelation med diabetesprevalensen. Vi kunde dock inte bedöma orsakssambandets
riktning, eftersom det är fråga om en retrospektiv studie. Med beaktande av den kliniska och biokemiska
aspekten är det dock mera sannolikt att den skyddande effekt av diabetes mot PCME som framträtt i vår
forskning i verkligheten förmedlas via systemiska läkemedel såsom betablockerare och statiner. Våra fynd
tyder på att förekomsten av PCME hos diabetiker kan minska om god sjukdomskontroll uppnåtts i fråga
om patienternas systemiska sjukdomar.
Det andra delarbetet i doktorsavhandlingen stöder de fynd som beskrivits i det första delarbetet, beträffande
vikten av att patienternas systemiska sjukdomar är kliniskt stabila med tanke på förebyggande av
komplikationer efter kataraktoperationer hos diabetespatienter. I avhandlingen jämfördes icke-diabetiker
med patienter med diabetes typ I respektive typ II som inte hade utvecklat skador i retina (makulopati eller
retinopati) orsakade av diabetes. Den genomsnittliga blodsockerbalansen hos diabetespatienterna var god,
och den övriga systemiska läkemedelsbehandlingen var adekvat. I strid med den tidigare uppfattningen
upptäckte vi att diabetes som självständig faktor i frånvaro av retinopatiförändringar inte ökade risken för
uppkomst av PCME, om sjukdomskontrollen var god och sjukdomen kliniskt stabil. Även den
postoperativa synskärpan var jämförbar mellan grupperna. Baserat på våra fynd drog vi slutsatsen att om
den glykemiska kontrollen hos diabetespatienterna har optimerats kan den, i kombination med att andra
kardiovaskulära riskfaktorer är välkontrollerade, skydda även mot komplikationer i retina efter
kataraktoperation.
Det tredje, prospektiva delarbetet behandlade betydelsen av preoperativ antiinflammatorisk
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läkemedelsbehandling

i

eftervården

av

diabetespatienter

som

genomgått

kataraktoperation.

Diabetespatienterna som kom in för kataraktoperation randomiserades till två grupper; i den första gruppen
sattes läkemedelsbehandling in tre dygn före kataraktoperationen och i den andra gruppen efter
operationen. Vi upptäckte att förekomsten av intraokulär inflammation var lägre vid 28 dagar efter
operationen i patientgruppen som fått preoperativ läkemedelsbehandling, men skillnaden mellan grupperna
hade jämnats ut vid 3 månader efter operationen. Makular tjocklek förblev proportionella mot varandra.
Cystiskt makulaödem efter kataraktoperation observerades inte i någondera gruppen. Preoperativ
läkemedelsbehandling

minskade

alltså

inte

uppkomsten

läkemedelsbehandlingen var adekvat.
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av

PCME

om

den

postoperativa
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