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Abstract

Purpose To assess the risk of pseudophakic cystoid macular
edema (PCME) following cataract surgery in patients with
allergies and/or atopic disorders.

Patients and methods Medical records of 3,850 consecutive
eyes that underwent cataract surgery were retrospectively
reviewed for prevalence of allergies and atopic status and
development of PCME. Patients with any known risk factors
for PCME were excluded. Macular examination was per-
formed using spectral-domain optical coherence tomography
(SD-OCT) before and at 4, 8, 12, 16, 24, and 36 weeks after
surgery. If both eyes in one patient underwent cataract surgery,
one eye was randomly selected. Odds ratios and confidence
intervals were estimated.

Results Out of 240 patients enrolled in this series, 65 patients
(27.1 %) showed positive allergic status, 19 patients (7.9 %)
suffered from atopic syndromes, and 11 (4.6 %) showed both
(allergies and atopic diseases). PCME occurred in eight pa-
tients (12.3 %) of the allergy cohort, whereas no patient (0 %)
of the atopy cohort developed PCME. The risk of PCME was
comparable in patients with allergies or atopic diseases to
patients without allergies or atopy (allergy: p=0.635; odds
ratio (OR) 1.303, 95 % confidence interval (CI) 0.461—
3.398; atopy: p=10.234; OR 0.000, 95 % CI 0-1.815).
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Conclusion Positive status of allergy or atopy does not seem
to increase the risk of PCME. Therefore, postoperative treat-
ment after cataract surgery does not have to be modified in
allergic or atopic patients.
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Introduction

Atopy can manifest in allergic asthma, atopic dermatitis, and
allergic rhinitis. The prevalence of atopic diseases manifesting
in allergic asthma, atopic dermatitis or allergic rhinitis has
rapidly increased in the last decades [1]. Asthma and allergic
rhinitis commonly coexist [2]. Atopic syndrome may be de-
fined as chronic disorder of the airways in allergic rhinitis and
asthma or as chronic pruritic inflammatory skin disorder in
atopic dermatitis [2, 3]. These atopic diseases are character-
ized by hyper-responsiveness and inflammation usually de-
scribed as eosinophilic, although other inflammatory subtypes
are also reported [2]. Patients suffering from atopic diseases
are predisposed to have allergies, such as food allergy [2, 4].
Interestingly, in patients with atopic syndrome cataract may
occur earlier, and the incidence of cataract has been reported to
be increased [5, 6]. Cataract is known to be the most common
cause of visual impairment worldwide [7]. One important
complication following cataract surgery is termed Irvine—
Gass syndrome, which means the development of a
pseudophakic cystoid macular edema (PCME) [8, 9].
Several studies have identified higher levels of specific
cytokines in the aqueous humor as predictive factors for
pseudophakic cystoid macular edema following cataract sur-
gery in diabetic patients or patients with retinal vein occlusion,
including interleukin-18 (IL-1B), IL-6, IL-8, IL-10, IL-12,
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interferon-induced protein-10 (IP-10), monocyte chemotactic
protein-1 (MCP-1), and vascular endothelial growth factor
(VEGF) [10, 11]. In line with this, systemic treatment with
anti-IL-6 antibody (tocilizumab) has been shown to reduce
uveitic macular edema [12]. The influence of type 2 Th cyto-
kines such as IL-4, IL-5, and IL-13 on development of mac-
ular edema has not been explored up to date. In allergic state,
an increased level of circulating IgE with upregulation of T
helper (TH) 2 cytokines such as Interleukin (IL)-4, IL-5 and
IL-13 can usually be observed [2, 13, 14]. It is conceivable
that type 2 Th skewing could affect intraocular levels of type 1
Th cytokines such as IL-18B, IL-6, and IL-12, thereby indirect-
ly influencing macular thickness.

The incidence of PCME seen in optical coherence tomog-
raphy (OCT) range from 4 % to 20 % [15, 16]. The pathogen-
esis is known to be multifactorial. Inflammation from cataract
surgery is most likely to cause PCME, which can be more
easily exacerbated by ocular comorbidities that promote
retinovascular permeability, such as retinal vein occlusions,
uveitis, and diabetic retinopathy [17, 18]. Whether growth/
inflammatory factors or cytokines play an equally important
role in the pathogenesis of PCME in eyes devoid of comor-
bidities such as diabetic retinopathy, uveitis, or vein occlusion
is still unclear. Furthermore, there is no clear evidence whether
chronic inflammatory diseases, such as allergic or atopic syn-
dromes, may be associated with an increased risk of PCME, as
likewise complex inflammatory disease with multifactorial
etiology.

The purpose of the present study was to evaluate retrospec-
tively whether allergic state or atopic syndromes are associat-
ed with an increased risk of PCME.

Patients and methods

Between January 1, 2010 and December 31, 2014, 3,850 eyes
of 2,655 patients underwent phacoemulsification with poste-
rior chamber intraocular lens (IOL) implantation at the
Department of Ophthalmology, University of Cologne,
Cologne, Germany.

Inclusion criteria for this retrospective, single-center, co-
hort study included cataract surgery with posterior chamber
intraocular lens (IOL) implantation. Furthermore, only pa-
tients with known status of allergy and atopy in which macular
examinations using spectral-domain optical coherence tomog-
raphy examinations (SD-OCT) had been performed were
included.

Exclusion criteria were vascular retinal diseases, manifest
uveitis, non-perforating and perforating trauma, neovascular
macular degeneration, chronic inflammatory conditions, dia-
betic retinopathy, endophthalmitis, vitreomacular traction syn-
drome, and previously performed pars plana vitrectomy with
epiretinal membrane peeling, including surgery for macular
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holes and combination of cataract extraction with ab interno
glaucoma surgery (trabecular aspiration or ab interno
trabeculotomy) or pars plana vitrectomy. Eventful cataract
surgery, such as posterior capsular rupture or iris trauma,
prolonged ultrasound time (>100 s) and cumulative dissipated
energy (time taken in seconds to complete a case of
phacoemulsification) (>20 s) during surgery, as well as post-
operative pseudophacodonesis, were also considered as exclu-
sion criteria.

Eyes meeting inclusion and exclusion criteria were en-
rolled consecutively in the present nonrandomized retrospec-
tive study, which was performed in conformance with the
tenets of the Declaration of Helsinki and approved by the
Institutional Review Board (IRB) of the Faculty of Medicine
of the University of Cologne (ID 15-300).

Allergy and atopy status

Status of allergy and atopy was obtained from all patients
using standardized interviews and questionnaires prior to cat-
aract surgery. Allergy status was categorized according to the
triggering allergens: pollen, drug, food, house dust mites, and
other allergens. Atopy status was grouped into atopic derma-
titis, allergic asthma, and allergic rhinitis [19, 20].

Surgical technique and postoperative treatment

Cataract extraction was performed in a standardized fashion
by bimanual phacoemulsification followed by posterior cham-
ber lens implantation.

Postoperative regimens included prednisolone acetate ad-
ministered four times daily and tapered over 4 weeks, and a
fluoroquinolone administered four times daily for 2 weeks.

Macular examinations

All eyes underwent macular examination using SD-OCT
(SPECTRALIS® HRA + OCT 111, Heidelberg Engineering
GmbH, Heidelberg, Germany). The specific scan protocol
was a custom raster scan pattern with 37 sections (512 A-
scans each) in a 30° x 20° field of view.

OCT examinations were performed before as well as 4, 8,
12, 16, 24, and 36 weeks after cataract surgery, and were
analyzed retrospectively with regard to the presence or ab-
sence of PCME.

PCME was defined by the presence of newly emerged
extracellular cystic spaces in the macular area in postoperative
SD-OCT examinations [8, 9].

A second independent examiner re-analyzed the SD-OCT
scans whether PCME was present or not. Only eyes in which
both observers met the same decision with regard to the pres-
ence or absence of PCME were included in the statistical
analyses.
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Statistical analyses

Statistical analyses were performed using the programming
language RV 3.2.2 (R Foundation for Statistical Computing,
Vienna, Austria). Descriptive statistics were performed for
demographic data. Fisher’s exact test was performed to eval-
uate the influence of defined risk factors (positive status of
allergies and/or atopic syndromes) on the overall development
of PCME; odds ratios (OR) and 95 % confidence intervals
(CI) were estimated. Generalized Fisher’s test was applied to
determine the influence of the number of allergies or atopic
diseases on PCME development. P-values <0.05 were con-
sidered statistically significant.

Results
Demographics

Two hundred and forty patients (132 females and 108 males)
met all inclusion and no exclusion criteria. Mean age + SD of
the overall study population was 73.0 + 10.0 years (range, 40—
94 years).

Sixty-five patients (27.1 % of overall study population;
mean age 72.0+10.0 years) had a positive history of any
allergy (=1 allergy). History of at least one atopic disease
was present in 19 patients (7.9 %; mean age 68.0 = 8.2 years),
and 11 patients (4.6 %; mean age 68.0+6.7 years) suffered
from both allergy and atopy.

One hundred and seventy-five patients (72.9 %; mean age
74.0+11.0 years) were devoid of allergy, whereas 221 pa-
tients (92.1 %; mean age 74.0+10.1 years) were devoid of
atopic status. One hundred and sixty-seven patients (69.6 %;
mean age 74.0+10.0 years) showed neither any allergy nor
any atopic disorder.

Development of PCME and association of allergy
and atopy with PCME

In eight patients (12.3 %) with > 1 allergy, PCME was detect-
ed, whereas in 17 patients (9.7 %) without any allergies
PCME occurred. None of the patients (0 %) of the atopy
cohort developed PCME, and 25 patients (11.3 %) of the
control cohort developed PCME.

Neither the positive history of allergy (Fisher’s exact test:
p=0.635; odds ratio (OR) 1.303, 95 % confidence interval
(CI) 0.461-3.398) nor the positive history of atopy (Fisher’s
exact test: p=0.234; OR 0.000, 95 % CI 0-1.815) were sig-
nificant predictors of development of PCME (Table 1).

Using generalized Fisher’s test, no association between
number of allergies or atopic diseases and PCME develop-
ment could be revealed (p =0.64, and p =0.234; Fig. 1).

Discussion

Inflammatory disorders such as autoimmune and atopic dis-
eases are characterized by inappropriate immune responses
with regard to magnitude, duration, and target. This can result
in the destruction of healthy bystander tissue, and is accom-
panied by systemic release of numerous cytokines such as
interleukin (IL)-1, IL-6, and tumor necrosis factor (TNF)-cx,
which can lead to a breakdown of vascular barriers, resulting
in tissue swelling such as macular edema [21]. Furthermore,
susceptibility to specific inflammatory diseases is associated
with a deviation of the systemic immune response into specif-
ic types such as type 1 and type 17 helper T cell (Th) responses
in autoimmune diseases and type 2 Th responses in allergies
and atopy [22]. This priming can have a major impact on how
the immune system reacts under various conditions, for exam-
ple with regard to specific microbes or surgical procedures.

Table 1  Impact of allergy and atopy on the risk of pseudophakic cystoid macular edema in 240 patients
Risk factor Total number Development of Odds 95 % confidence P-value
of patients: n (%) PCME: n (%) ratio interval

>1 allergy 65 (27.1 %) 8 (12.3 %) 1.303 0.461-3.398 0.635
Pollen allergy 26 (10.8 %) 3 (11.5 %) 1.138 0.203-4.251 0.740
House dust mite allergy 12 (5.0 %) 0 (0.0 %) 0.000 0.000-3.137 0.620
Drug allergy 27 (11.3 %) 3 (11.1 %) 1.085 0.194-4.036 1.000
Food allergy 11 (4.6 %) 1 9.1 %) 0.855 0.019-6.498 1.000
Other allergens 16 (6.7 %) 2 (16.7 %) 1.247 0.130-5.992 0.676
>1 atopic disorder 19 (7.9) 0 (0.0 %) 0.000 0.000-1.815 0.234
Atopic dermatitis 4 (1.7 %) 0 (0.0 %) 0.000 0.000-13.382 1.000
Allergic asthma 14 (5.8 %) 0 (0.0 %) 0.000 0.009-2.608 0.373
Allergic rhinitis 1 (0.4 %) 0 (0.0 %) 0.000 0.000-333.657 1.000

Prevalence of pseudophakic cystoid macular edema for different study cohorts is given. Respective odds ratios with 95 % confidence intervals and p-
values are reported. Abbreviation: PCME pseudophakic cystoid macular edema. P-values <0.05 were considered statstically significant
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Fig. 1 Development of pseudophakic cystoid macular edema (PCME)
depending on the number of co-existent allergies [none (0)-3] or atopic
diseases [none (0)-1]: Absolute numbers (1) of patients with and without
PCME development are displayed and divided into groups for the respec-
tive number of allergies (a) or atopic disorders (b). Allergy status was
categorized according to the following five triggering allergens: pollen,
drug, food, house dust mites, and other allergens. Atopy status was
grouped into atopic dermatitis, allergic asthma, and allergic rhinitis.
Respective percentages of eyes in which PCME occurred are given. P-
values calculated by generalized Fisher’s test revealed no association
between number of allergies or atopic diseases and PCME development.
P-values <0.05 were considered statistically significant

Other environmental factors that are capable of inducing dif-
ferent types of immune responses include food, drugs, and
pollen, among many others [23]. Interestingly, relationships
between allergies or an atopic status, known to be chronic
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inflammatory disorders, and ocular diseases have been fre-
quently described [5, 6, 19, 24, 25]. Orihara et al. and
Matsuda et al. reported increased prevalence of severe ocular
complications, such as cataract, keratoconjunctivitis, and ret-
inal detachment, in patients with atopic dermatitis [5, 6].
Furthermore, atopy itself constitutes a significant risk factor
for immune responses even after low-risk keratoplasty [19].
Corneal allograft rejection has been supposed to be explained
by a type 1 Th cellular response, but additionally a type 2 Th
immune response in corneal graft rejection has been consid-
ered [26-28]. Niederkorn et al. observed in a murine model of
allergic airway hyperreactivity that grafts transplanted during
stable allergic periods showed lower graft failure rates than
grafts placed during allergic exacerbations [29]. In contrast,
Wagoner et al. could not find a relationship between type 2 Th
cellular response and corneal graft survival, comparing eyes
with and without a history of vernal keratoconjunctivitis that
underwent corneal transplantation for keratoconus [30]. Graft
survival in keratoconus eyes regarding history of atopy as a
possible risk factor was examined by Thomas et al. without
statistically significant difference in their results [31]. With
regard to allergies, Ristau et al. detected a protective effect
on the development of age-related macular degeneration
(AMD) independent of the triggering allergen [24, 25].
These studies suggest an influence of the presence of aller-
gies and atopy on the pathogenesis of several ocular diseases.
Furthermore, the role of antibodies is discussed in the lit-
erature and has been the subject of various studies. Ayaki et al.
reported that auto-antibodies to lens epithelium-derived
growth factor (LEDGF) result in damage to lens epithelial
cells and cataract formation [32]. They speculated that cataract
in atopic dermatitis may be induced by upregulation of hista-
mine and respective intraocular higher levels of auto-
antibodies to LEDGF, but no statistically significant differ-
ence was detected with regard to the prevalence of antibodies
to LEDGF between atopic dermatitis patients with and with-
out cataract [32]. Again, LEDGF was the subject of interest of
Matsui et al., who were able to show that LEDGF enhanced
the survival of retina pigment epithelial (RPE) cells [33] and
may therefore be considered to act protectively against stress.
This is the first study to evaluate a possible relationship be-
tween atopic syndromes or allergies and a clinically extremely
important macular pathology, cystoid macular edema.
Cystoid macular edema (CME) is a frequent disorder that
can be associated with several ocular conditions that all appear
to have at least an inflammatory component, such as uveitis,
diabetic retinopathy, age-related macular degeneration, macu-
lar pucker, and previously performed surgery such as cataract
surgery [34-38]. However, the incidence of postsurgical CME
has declined with the advent of modern surgical techniques
[37]. The rate of clinical relevant PCME varies between 0 %
and 6 % in uncomplicated cases [35, 37, 39]. Seen on optical
coherence tomography (OCT), PCME incidence is higher (4—
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20 %) [15, 16]. PCME may lead to visual decline following
cataract surgery [34]. As the pathogenesis of PCME is not
completely understood, it seems to be important to clarify
whether a positive status of allergy or atopy may be associated
with it, as previously described in AMD [24, 25], retinal de-
tachment, or cataract [5, 6]. As mentioned before, higher
levels of autoantibodies to LEDGF have been detected in var-
ious chronic inflammatory disorders and atopic diseases, or
asthma, but as well as in patients with age-related cataracts
[40, 41]. Whether this may be a possible reason for similar
incidences of PCME in different groups of our study cohort
remains unclear.

PCME was described more than 50 years ago, and there are
multiple options for clinical management ranging from corti-
costeroid eye drops, through intravitreal anti-vascular endo-
thelial growth factor (VEGF) application or intravitreal corti-
costeroid implants, to pars plana vitrectomy in refractory cases
with significant vitreous involvement [8, 42—45]. Especially
in diseases which are multifactorial in their pathogenesis,
evaluation of risk factors is necessary in order to ensure on
the one hand a risk-adapted treatment, and on the other hand to
prevent side-effects of overtreatment whenever possible. In
particular, patients with known risk factors for PCME devel-
opment should be informed in detail about their increased risk
for PCME before surgery. Furthermore, a close postoperative
follow-up should be performed, in order to detect macular
edema at an early stage. Both intensified topical corticosteroid
application or nonsteroidal anti-inflammatory drugs are con-
sidered to prevent PCME, and therefore seem to be appropri-
ate in high-risk patients [8, 42, 46].

This study revealed similar rates of PCME development
in allergic and atopic patients compared to patients devoid of
allergy and/or atopy. Furthermore, with regard to the trigger-
ing allergen no association to PCME development could be
detected. Although there are limitations of our study due to a
lack of laboratory testing for allergies and atopy such as IgE
serum measurements and prick tests of the skin, we do not
consider this to be a major problem, since our questionnaires
revealed no clinically apparent manifestations of allergies
and atopy that would justify extensive laboratory work-up
in hundreds of these patients. Therefore, and in this clinical
context, it appears appropriate to classify patients who do
not have any atopic or allergy-related problems as having no
allergy or atopy. Our results indicate that patients suffering
from any type of allergy or atopy do not have to worry
about increased risk of visual decline due to PCME.
Follow-up examinations and postoperative therapy regimens
do not have to be stepped up because of positive status of
allergy or atopy.

Whether response to the treatment in the case of PCME or
the course of PCME differs in allergic or atopic patients in
comparison to healthy patients remains to be studied.
Furthermore, it is unclear whether even in severe forms of

ocular allergy or atopy the rate of PCME is not increased,
since we did not differentiate between light and severe forms
of ocular involvement in atopy and allergy.
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