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The fever of pain: ocular chronic pain, light at the end of the tunnel

A febre da dor: dor ocular cronica, uma luz no fim do tunel

Epbuarbo MEeLant RocHA®, JAYTER SiLva DE PauLat

EDITORIAL

"Dogma says: believe the data that fit your model of the world and ignore the rest.
The world says, ignore the dogma and extend your model to fit the world.
Amit Goswami, “Quantum creativity: think quantum, be creative”

One of the most depressing situations in the outpatient clinic occurs when an individual describes a long-term
incurable pain condition along with a never-ending list of unhelpful exams and treatments. Worse, when our
complementary exams confirm the previous clinical impressions: no signs of inflammation, and no clues about

a trigger or a possible cause.

The classic presentation of inflammation has four elements: redness, swelling, heat and, the pain, reasonable
consequence of the previous three. In “the most densely innervated organ of the body’, the cornea?, pain, is
frequently observed without the other elements of inflammation. The explanation is: neuropathic pain. Although it
has a multidimensional clinical expression and is present in other conditions, such as absolute glaucoma; chronic
corneal pain is receiving more awareness, and the reasons are commented below.

In 2010, Perry Rosenthal et al., started clarifying and discussing clinical support for patients under chronic
corneal pain. Since their initial work, readers can find reports on what they have defined as “pain without stain’,
and labeled as corneal neuropathic pain or keratoadinia®®. This authors supplied their working hypothesis on
the potential triggers, possible pathways and why keratoadinia has been confused with dry eye disease. Both
diseases are often seen in a comprehensive ophthalmic clinic, present with discordant signs and symptoms and
in general there is no much to offer, except chronic medication to modestly relief for the discomfort®. Moreover,
they have shown that several diseases beyond herpetic and diabetic neuropathic syndromes can affect the eye

leading to both dry eye and neuropathic corneal pain®”.

In the daily practice, practitioners face differential diagnoses between keratoadinia and malingering, somatic
syndromes or hysteria, which are out of the scope and expertise of ophthalmologists. In a typical scenario, a pa-
tient would have consulted more than two ophthalmologists in a recent period and presents with diagnosis and
treatment of other unrelated syndromes, such as chronic fatigue, irritated bowel syndrome, and fibromyalgia®.
Some of those medications present confusing anti-cholinergic effects that may hamper the correct diagnosis.

Those patients are more frequently 40 to 50 years-old women, living in deprived areas, but keratoadinia can
be found in males and younger individuals from more affluent areas®. The condition itself can impact learning
and carrier progression, as well as social and daily life activities. It is also challenging to conduct those cases,
due to the lack of credibility on medical resources created by previous unsuccessful evaluations and treatments

with confounding side effects.

Are there good news at the front? The answer is yes! Several papers and presentations in recent years are
clarifying the details of so called ‘cornea pain without stain”. Great contributions are coming from neurophysio-
logy and molecular biology, revealing the players (membrane receptors in the cornea and neural routes) of pain

induced by minor interventions and drugs, associated or not with chronic diseases!®'?.

Recent advances have facilitated the in vivo observation of corneal nerves, using different Optic Coherence
Tomography strategies for confocal microscopy. It is not surprising that changes in the format and density of
corneal nerves observed in various conditions associated with ocular pain and/or dry eye are now established as
markers of this unique complex disease: the neuropathic corneal pain®. The decreased total number of nerves
and the presence of trunks, branches, shorter length, and higher tortuosity were correlated with lower tactile
sensation319, Moreover, it is now proven that corneas lacking healthy nerves have more inflammatory cells and

are prompt to new vessels"”.

Were you skeptic about sympathetic ophthalmia? Believe now: clinical and histologic observations revealed
that unilateral corneal damage induces bilateral changes to corneas and also to both trigeminal ganglion3141718),
Sowhy not uveitis? Let me explain: those peripheral nerves seen in the cornea are dendrites of cell bodies located

in the trigeminal ganglion in the brain and they cross-talk with the opposite side.

Submitted for publication: May 15, 2016 Funding: No specific financial support was available for this study.

Accepted for publication: May 17, 2016 Disclosure of potential conflicts of interest: None of the authors have any potential conflict of
! Departamento de Oftalmologia, Otorrinolaringologia, Cirurgia de Cabeca e Pescoco. Faculdade de interest to disclose.

Medicina de Ribeiro Preto (FMRP), Universidade de Sao Paulo (USP), Ribeirao Preto, SF, Brazil. Corresponding author: Eduardo Melani Rocha. Departamento de Oftalmologia, Otorrinolaringologia

e Cirurgia de Cabegca e Pescoco - Faculdade de Medicina de Ribeirao Preto, US. Av. Bandeirantes,

3.900 - Ribeirao Preto, SP - 14049-900 - Brazil - E-mail: emrocha@fmrp.usp.br

http://dx.doi.org/10.5935/0004-2749.20160042



THE FEVER OF PAIN: OCULAR CHRONIC PAIN, LIGHT AT THE END OF THE TUNNEL

The link among inflammatory response, cornea innervation, pain and involvement of the opposite side (the
contralateral untouched eye in a trauma, for example) was not clear until the effects of cornea wound in the
central nervous system was investigated (more specifically the route of the trigeminal nerve and its ganglion).
The findings were striking. An elegant study conducted by Dr. Paolo Rama and his group revealed that an alkali
burn lead to inflammation in both trigeminal ganglions of the injured mice®. They confirmed previous similar
findings observed with herpes infection, a well-known disease that interplays the cornea and the trigeminal
nerves™. Ironically, it was reported more than 80 years ago, that vitamin deficiency is not directly challenging for
the cornea structure and tears secretion, but it would be associated with damages to the trigeminal ganglion®?,

In summary, in the central nervous system, higher-order neurons structures can be inflamed and altered after
an ocular surface damage. The nerve inflammation can perpetuate and appear as a painful but apparently not
injured eye. The cornea nerves and the trigeminal ganglion once injured become highly sensitized but are still
not visible at gross examination. This disjoined process occurs in different conditions and in a dissimilar way in
different individuals, depending on demographic and genetic backgrounds?'??, Putting together, these findings
open avenues for the clarification of the chronic neuropathic cornea pain mechanisms, and start showing us a
light at the end of the tunnel for better treatment and hence restoring patients' confidence. To reach the light on

neuropathic pain related to the ocular surface, eyes should be investigated as the windows to the brain.
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ORIGINAL ARTICLE

Effect of macular hole volume on postoperative central macular thickness

O efeito do volume de buraco macular da espessura macular central pés-operatoria

TavLan OzTurk!, Evvup KaranaN?, Duyau ER!, MaHmuT Kaval, NiLUFER Kocak!, SuLEYMAN KAYNAK!

ABSTRACT

Purpose: To evaluate the association between macular hole volume (MHV) and
postoperative central macular thickness (CMT) using spectral-domain optical
coherence tomography (SD-OCT).

Methods: Thirty-three eyes of 30 patients with a large full-thickness idiopathic
macular hole with or without vitreomacular traction who underwent surgical
intervention were included in this cross-sectional study. Complete ophthalmo-
logical examination, including SD-OCT, was performed for all participants du-
ring the pre- and postoperative visits. MHV was preoperatively measured using
SD-OCT, which captured the widest cross-sectional image of the hole. For normal
distribution analysis of the data, the Kolmogorov-Smirnov test was performed,
and for statistical analyses, chi-square, Student’s t-test, Mann-Whitney U test, and
Pearson’s correlation coefficient test were performed.

Results: Mean preoperative best-corrected visual acuity (BCVA) and MHV
were found to be 0.99 + 0.36 (range, 0.3-2.0) logMAR and 0.139 + 0.076 (range,
0.004-0.318) mm?®, respectively. Mean follow-up was 16.3 + 14.3 (range, 3-50)
months. No statistical correlations were found between MHV and postoperative
BCVA (p=0.588) and between MHV and disease recurrence (p=0.544). A weak
negative correlation existed between MHV and final CMT scores (p=0.04, r=-0.383).
Conclusions: Greater MHV was found to be weakly associated with lower posto-
perative CMT scores.

Keywords: Retinal perforations/surgery; Tomography, optical coherence; Vitrec-
tomy; Macula lutea; Postoperative period

RESUMO

Objetivo: Avaliar a relagcédo entre o volume do buraco macular (MHV) e a espessura
macular central pés-operatdria (CMT) por meio da tomografia de coeréncia dptica
de dominio espectral (SD-OCT).

Método: Trinta e trés olhos de 30 pacientes com buracos maculares idiopdticos de
espessura total grandes, com ou sem tragdo vitreorretiniana, que foram submetidos a
intervengdo cirdrgica foram incluidos neste estudo transversal. O exame oftalmo-
légico completo, incluindo SD-OCT foi realizado nas visitas pré e pés-operatorias
de todos os participantes. MHV foi medido a partir da imagem de SD-OCT pré-
-operatdria que capturou a imagem mais larga da seccao transversal do buraco.
Ap6s a andlise distribuicdo nomral da populagédo do estudo ter sido realizada com
o teste Kolmogorov-Smirnov, os testes de qui-quadrado, t de Student, Mann-Whitney
U e teste de correlagcdo de Pearson foram utilizados para as estatisticas.
Resultados: As médias pré-operatdrias da melhor acuidade visual corrigida (BCVA)
e MHV foram 0,99 + 0,36 logMAR (variagdo de 0,3-2,0) e 0,139 + 0,076 mm? (variagdo
de 0,004-0,318). O seguimento médio foi de 16,3 + 14,3 meses (variagdo de 3-50). Ndo
foram encontradas correlacbes estatisticas entre MHV e BCVA pés-operatéria (p=0,588),
bem como MHV e recorréncia da doenga (p=0,544). Uma fraca correlacdo negativa
estava presente entre MHV e pontuacées finais CMT (p=0,04, r=-0,383).
Conclusées: Maior MHV foi fracamente relacionado com CMT mais baixo, no pos-
-operatdrio.

Descritores: Perfuracées retinianas/cirurgia; Tomografia de coeréncia dptica; Vitrec-
tomia; Macula lutea, Periodo pds-operatério

INTRODUCTION

Major causes for developing a macular hole (MH) include an-
teroposterior forces applied by vitreofoveal traction and tangential
traction from involutional changes in the inner retina. Kelly and
Wendell® reported the first successful closure of MH with pars plana
vitrectomy (PPV); since then, advances in vitreoretinal surgery have
contributed to successful postoperative restoration of the foveal
microstructure and restoration of visual function in most patients® 9,
Although anatomical closure of MH may be applicable to almost all
patients undergoing surgical intervention, significant improvement
in visual acuity can be achieved in approximately 70% of cases®'.
Macular atrophy may be responsible for inferior visual outcomes; the-
refore, the foveal microstructure has to be well identified in patients
with MH prior to any surgical intervention.

Spectral-domain optical coherence tomography (SD-OCT) is a
non-contact, non-invasive, laser interferometry technique, which

captures high-resolution cross-sectional images in vivo and is used
in diagnosing numerous macular diseases. Using SD-OCT imaging
in the diagnosis of MH augments clinical staging by enabling visua-
lization of the foveal and vitreous microstructure and the tractional
association between them and calculating macular hole dimensions.
Manual quantification of MH width and height can be provided using
SD-OCT, which mainly identifies the presence of perifoveal cystoid
edema and vitreomacular traction (VMT) and the integrity of peri-
foveal external retinal microstructures. The impact of preoperative
OCT measurements on diagnosing or staging idiopathic MH and its
predictive value for postoperative anatomical and functional outco-
mes have been previously investigated?%. However, to the best of
our knowledge, no study has elucidated the association between
preoperative macular hole volume (MHV) and postoperative macular
atrophy as a tool for predicting postoperative visual outcome. This
study aimed to evaluate the association between MHV and postope-
rative central macular thickness (CMT) using SD-OCT.
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METHODS

Thirty-three eyes of 30 patients with a diagnosis of large full-thi-
ckness idiopathic MH with or without VMT who underwent chromo-
vitrectomy combined with internal limiting membrane (ILM) peeling
and intraocular sulfur hexafluoride (SF6) tamponade in our Retina
Unit between January 2010 and December 2012 were included in
this study. Medical charts of the eyes were retrospectively reviewed,
and all the results of complete ophthalmological examinations,
including SD-OCT (Spectralis Il HRA+OCT, Heidelberg Engineering
Inc., Heidelberg, Germany) that were performed during pre- and
postoperative visits, were recorded for each participant. Patients
with systemic diseases that could affect visual acuity and patients
who had a medical history of any ophthalmic surgery, except for
cataract extraction, were excluded. Informed consent conforming to
the Declaration of Helsinki was obtained from each study participant,
and the study protocol was approved by the local ethics committee
(approval number: 2013/43-16).

All eyes underwent 4-port 23-gauge PPV combined with [LM
peeling and intraocular 20% SF6 tamponade. Detachment of the
posterior hyaloid was induced by suction using a vitrectomy probe
around the optic disc if necessary, and epiretinal membranes were
removed if present. ILM peeling within a fovea-centered circular area
of approximately two optic disc diameters was performed on visua-
lizing ILM with brilliant blue dye. Twenty percent of SF6 was used as
intraocular gas tamponade in all cases, and postoperative face-down
positioning for 5-7 days was recommended. All subjects underwent
complete ophthalmological examination, including best-corrected
visual acuity (BCVA), slit-lamp biomicroscopy, ocular tonometry,
dilated fundoscopy, and CMT assessment using SD-OCT that were
preoperatively and postoperatively performed.

MHV was measured on the basis of preoperative SD-OCT, which
captured the widest cross-sectional image of the hole. Because the
outer plexiform layer (OPL) and outer nuclear layer (ONL) junctions
are located just beneath the foveal contour, OPL was first marked
in all preoperative macular scans for each study participant. For the
purpose of this study, we pointed out the OPL level along both sides
of the MH, and a border line connecting these points was drawn to
estimate the possible location of the foveal contour using SD-OCT
that captured the widest cross-sectional image of the hole. The space
remaining under the imaginary border line of OPL was described as
MHV (Figure 1). The aspect of such spaces had the shape of a conical
frustum; thus, we calculated MHV for each study participant accor-
ding to the formula used for calculating the volume of a truncated
cone (Figure 2).

The data were stored in a computerized database and analyzed
using Statistical Package for Scientific Studies for Windows v.16.0
(SPSS Inc,, Chicago, IL, USA). Normal distribution analysis of the data
was performed using the Kolmogorov-Smirnov test; moreover, the
chi-square test, the paired t-test, Student’s t-test, and the Mann-
Whitney U test were performed for statistical analyses. Pearson’s
correlation coefficient test was also used to analyze the association
among MHYV, postoperative CMT, and pre- and postoperative BCVA
scores. A p value of <0.05 was considered statistically significant.

RESULTS

Of the 30 patients with a mean age of 63.9 + 11.0 (range, 15-76)
years, 18 (60.0%) were females and 12 (40.0%) were males. Three
participants (10.0%) had diabetes mellitus and five (16.7%) had hy-
pertension; however, none of the subjects demonstrated signs of

Figure 1. Retinal layers are shown in an SD-OCT image (A). An imaginary border line demonstrating the outer
plexiform layer (OPL) was drawn to estimate the possible localization of the foveal contour on SD-OCT that
captured the widest cross-sectional image of the hole (B).
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retinopathy. Thirteen eyes (39.4%) were pseudophakic and 20 (60.6%)
were phakic. Mean preoperative BCVA, intraocular pressure (IOP), and
MHV were identified as 0.99 + 0.36 (range, 0.3-2.0) logMAR, 14.7 + 2.1
(range, 11-20) mmHg, and 0.139 + 0.076 (range, 0.004-0.318) mm?,
respectively. Surgery was performed within 6 months of the onset
of clinical symptoms; thus, MH diagnosis was established soon after.
Perifoveally located intraretinal cysts relevant to a newly developed

OzTUrk T, ET AL.

MH were found on preoperative macular SD-OCT of all participants.
These scans revealed VMT in 16 eyes (48.5%) and a true retinal oper-
culum in 10 eyes (30.3%) preoperatively. Although early anatomical
success was achieved with MH surgery in all cases, MH recurred in
four eyes (12.1%) after the mean follow-up of 16.3 + 14.3 (range, 3-50)
months. Demographic and ophthalmological findings are summa-
rized in tables 1 and 2.

V= gh(a2+ab+b2)

Figure 2. Calculation of the macular hole volume (MHV) according to the formula that gives the volume

of a truncated cone.

Table 1. Demographic and initial ophthalmological findings

All study eyes (n=33) Eyes with c-MH (n=29) Eyes with r-MH (n=4) p value

Age (years) 63.900 £+ 11.000 61.800 + 14.400 70.200 + 4.500 0.139
Preoperative BCVA (logMAR) 0.990 £ 0.360 0930+ 0330 1.400 £+ 0.350 0.013*
Preoperative IOP (mmHg) 14.700 £ 2.100 14900 = 2.200 13.700 £ 1.000 0.322
Macular hole volume (mm?) 0.139+ 0.076 0.138+ 0.076 0.149 £ 0.075 0.777
Gender 0.643

Female 60.0% 61.5% 50.0%

Male 40.0% 38.5% 50.0%
Concomitant disease

Diabetes mellitus 10.0% 11.5% - 0.500

Hypertension 16.7% 19.2% - 0.367
Preoperative VMT

VMT 16 (48.5%) 16 (55.2%) - 0.038*

A true retinal operculum 10 (30.3%) 10 (34.5%) - 0.159
Follow-up (months) 163+ 143 163+ 144 158+152 0.939

¢c-MH= closed macular hole; r-MH= recurrent macular hole; BCVA= best-corrected visual acuity; IOP= intraocular pressure; VMT= vitromacular traction; *= Statistical significance.

Table 2. Postoperative ophthalmologic findings in eyes with and without successful surgery

All study eyes (n=33) Eyes with c-MH (n=29) Eyes with r-MH (n=4) p value

Follow-up (months) 1630+ 143 16.30 + 1440 1580+ 15.2 0.939
Postoperative BCVA (logMAR) 0.64+0.38 051+ 031 160+ 0.0 <0.001*
Postoperative IOP (mmHg) 14.60 + 1.90 1470+ 1.90 1400+ 1.8 0.502
Postoperative CMT (um) 187.60 + 67.80

Reestablishment of ELM 20 (60.6%) 20 (69.0%) - 0.008*
Reestablishment of EZ 13 (39.4%) 13 (44.8%) - 0.085
Reestablishment of COST line 8 (24.2%) 8 (27.6%) - 0.227
Reestablishment of RPE band 28 (84.8%) 25 (86.2%) 3(75.0%) 0.558

c-MH= closed macular hole; -MH=recurrent macular hole; BCVA= best-corrected visual acuity; IOP= intraocular pressure; CMT= central macular thickness; ELM= external limiting
membrane; EZ= ellipsoid zone; COST= cone outer segment tips; RPE= retinal pigment epithelium; *= Statistical significance.
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Mean BCVA and IOP were found to be 0.64 + 0.38 (range, 0.0-1.6)
logMAR and 14.6 + 1.9 (range, 11-20) mmHg (p<0.001 and p=0.723),
respectively, at the last follow-up visit. When four eyes with recurrent
disease were excluded, mean BCVA and CMT were found to be 0.51 +
0.31 (range, 0.0-1.6) logMAR and 187.6 + 67.8 (range, 60-247) um,
respectively, at the last follow-up in the remaining 29 eyes. Mean
preoperative BCVA and MHV were 1.40 + 0.35 logMAR and 0.149 +
0.075 mm?, respectively, in eyes with recurrent disease, whereas these
scores were 0.93 + 0.33 logMAR and 0.138 + 0.076 mm?, respectively,
in successfully treated eyes (p=0.013 and p=0.777, respectively).

VMT and a true retinal operculum were not found in any eyes with
resistant MH; however, such vitreomacular interface abnormalities
were present in 55.2% and 34.5% of eyes with closed MH (p=0.038
and p=0.159, respectively). Changes in BCVA, CMT, and IOP are shown
in figure 3. While abnormalities were preoperatively present in the
foveal ellipsoid zone (EZ) of all participants, SD-OCT revealed re-
establishment of EZ in 13 eyes (39.4%). There was no correlation
between preoperative MHV and postoperative EZ re-establishment
(p=0.713). However, better postoperative BCVA scores were observed
in patients with re-established EZ (p=0.002).

Macular SD-OCT scans that were performed at the last follow-
up visit also depicted the re-establishment of the external limiting
membrane (ELM) in 20 eyes (60.6%), cone outer segment tip (COST)
line in eight eyes (24.2%), and retinal pigment epithelium (RPE)
band in 28 eyes (84.8%). Preoperative MHV was not found to be
correlated with the re-establishment of ELM, COST line, or RPE band
(p=0.268, p=0.283, and p=0.920, respectively). No statistical corre-
lation was found between final BCVA and re-establishment of RPE
band (p=0.411); however, reformed ELM and COST line provided a
better visual prognosis in cases undergoing MH surgery (p=0.003 and
p=0.005, respectively). Postoperative ocular features are summarized
in table 2.

Although no statistical correlations were found between MHV
and postoperative BCVA (p=0.588) and between MHV and disease
recurrence (p=0.544), a negative correlation was present between
MHV and CMT that was measured at the last follow-up (p=0.040).
Furthermore, there was a strong correlation between pre- and pos-
toperative BCVA scores (p<0.001). The results of Pearson’s correlation
coefficient test for the parameters studied are given in table 3.

DISCUSSION

Recent advances in MH surgery techniques have contributed to
more successful postoperative anatomical and associated functio-
nal prognoses®'. However, anatomical closure of a hole does not
always correlate with a good functional result®'”1®, Although various
preoperative SD-OCT parameters have been examined to estimate
postoperative visual prognosis, studies have reported the lack of any
consistent volumetric or structural feature that is closely correlated
with anatomical and functional surgical successes!™®. In this study,
there was no statistical difference in MHV measurements between
eyes with and without disease recurrence; however, lower preopera-
tive BCVA scores were found in eyes with relapsing MH. Furthermore,
in our study population, preoperative SD-OCT revealed that neither
VMT nor a true retinal operculum was found in any of the eyes with
a recurrent hole.

Defects of foveal photoreceptors and abnormalities of external
retinal microstructures that can be observed in SD-OCT images of
surgically treated eyes with MH have been studied, with the goal of
defining any association between such problems and the develop-
ment of poorer vision. Furthermore, a significant correlation between
the presence of such abnormalities and postoperative visual progno-
sis has been recently reported®?9, In this study, MHV was not found
to be associated with the postoperative re-establishment of any of

BCVA (logMAR) 10P (mmHg) CMT (um)
1.2 16.5 230
0.99
16 220 2214
16,5 - 210 -
0.6 15 200
0.64
0.58 ,
051 145 1190
188.8
187.6
14 | 180
& —Postoperative Postoperative” Atthelast 190 —Postoperative Postoperative  Atthe last |70 ~ Postoperative Postoperative At the last
Baseline 1* month 6" month  follow-up Baseline 1% month 8" month follow-up Baseline 1% month 6" month follow-up
Figure 3. Changes in best-corrected visual acuity (BCVA), intraocular pressure (IOP), and central macular thickness (CMT).
Table 3. Pearson’s correlation coefficient test results for studied parameters
Studied parameters p value r value

Macular hole volume Preoperative BCVA (IlogMAR) 0.294 0.188

Macular hole volume Final BCVA (logMAR) 0.588 0.113

Preoperative BCVA (IlogMAR) Postoperative BCVA (logMAR) <0.001* 0.660

Macular hole volume Postoperative CMT in cases with c-MH (n=29) 0.040* -0.383

BCVA= best-corrected visual acuity; CMT= central macular thickness; c-MH= closed macular hole; *= statistical significance.
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Figure 4. Preoperative (A, C, E, and G) and postoperative (B, D, F, and H) SD-OCT of patients with macular atrophy after 4-port 23-gauge PPV combined with ILM peeling and intrao-
cular 20% SF6 tamponade.

the studied parameters of external retinal microstructure. Improved
RPE band integrity on successful MH surgery was also not found to
be associated with final BCVA scores; however, re-establishment of
ELM, EZ, and COST line was associated with a better visual prognosis.

On the contrary, some published studies have reported a ne-
gative correlation between preoperative MH dimensions measured
using OCT and postoperative visual recovery??® The MH base
diameter, which was measured at the RPE level, and the minimum
diameter of the hole, which represented the shortest extent of MH,
appear to constitute prognostic factors for postoperative anatomical
and functional outcomes. Freeman et al.®, similarly found that MH
with smaller diameters were associated with a better visual progno-
sis. Moreover, a hole form factor (HFF) was calculated from the base
and minimum diameters to estimate the postoperative anatomical
success rate. Ullrich et al.?" reported significantly larger base dia-
meters and greater minimum MH diameters in cases with recurrent
holes. Furthermore, postoperative visual prognosis was found to be
negatively correlated with both the base and minimum diameters of
the hole. The authors also stated that all cases with HFF of >0.9 were
surgically treated with a single intervention; however, the anatomical
success rate was 67% in patients with HFF of <0.5.

Ruiz-Moreno et al.?? reported the sensitivity of various parameters
used to estimate visual prognosis after MH surgery. They demonstrated
that postoperative BCVA was statistically correlated with base and mi-
nimum diameters of MH, the MH index, which is defined as the ratio
of the hole height to the base diameter, and the tractional hole index,
which is defined as the ratio of the maximum height to the minimum
diameter of MH. Base area, base diameter, top area, top diameter,
minimum diameter, MH height, and MHV were found to be signifi-
cantly correlated with initial BCVA in a computer algorithm-supported
study by Xu et al®¥. Moreover, they reported a significant correlation
between BCVA at postoperative sixth month and MHV, base area and
diameter, as well as height-to-base diameter ratio; however, after per-
forming multivariate analyses, only base area and MHV were found to
be significant predictors of six-month postoperative BCVA.

Pilli et al.?® recommended performing ILM peeling to achieve
a better visual outcome because a close correlation between inner
macular volume and BCVA was observed. In our study, although no
statistical correlations were found between MHV and postoperative
BCVA or MHV and disease recurrence, a negative correlation was pre-
sent between MHV and CMT measured at the last follow-up (p=0.04,
r=-0.383). Because postoperative CMT scores were within the favora-
ble normal range in the entire study population, except in cases with
recurring MH, lower CMT scores were considered to be associated
with a more severe macular atrophy (Figure 4). Visual acuity is directly
related to both the extent and centricity of the macular atrophy®”#®.

However, preoperative BCVA score was the only factor consistently
affecting postoperative BCVA in our study population.

The major limitation of this study was the lack of the use of real-
time three-dimensional volumetric analysis of MH. Although the
shape of each MH varies in its microarchitecture, we used the widest
two-dimensional cross-sectional SD-OCT image of all studied holes.
Nevertheless, we believe that within a close range of deviation, every
MHYV, regardless of the varying shape of the hole, may simply be pre-
dicted using the parameters of the formula that gives the volume of
a truncated cone. The second limitation was that 20% of our study
participants had concomitant diabetes mellitus, hypertension, or
both. However, we deliberately selected the surgically treated cases
with a newly developed idiopathic MH who did not have any other
retinal abnormalities, including retinopathies and a previous history
of retinal detachment. In addition, the coexistence of diabetes and/
or hypertension may result in some cellular and microarchitectural
changes within the retinal tissue, even in cases with no signs of reti-
nopathy. Finally, the retrospective nature of this study and the lack of
a large study population reflect other limitations.

Visual acuity may not improve as expected in some patients even
when anatomical closure of the hole is attained following MH sur-
gery. This may be related with postoperative macular atrophy, which
can be diagnosed on the basis of a reduced CMT score on SD-OCT.
In this study, greater MHV was associated with lower postoperative
CMT scores. To the best of our knowledge, this is the first study in-
vestigating the association between preoperative MHV and macular
atrophy. Long-term prospective trials with large cohorts are required
to assess the correlation of macular volumetric features with posto-
perative anatomical and functional prognoses.
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Choroidal changes in pre-eclampsia during pregnancy and the postpartum period:

comparison with healthy pregnancy

Alteragoes da coroide na pré-eclampsia durante a gravidez e periodo pos-parto: comparagdo com a

gravidez sauddvel
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ABSTRACT

Purpose: To investigate subfoveal choroidal thickness (SFCT) in patients with
pre-eclampsia using enhanced depth imaging optical coherence tomography
(EDI-OCT).

Methods: A sample of 73 pregnant women was studied over 28 weeks of ges-
tation. The sample was divided into two groups: one comprising pre-eclamptic
pregnant women (n=32), and the other comprising healthy pregnant women
(n=41).The SFCT was determined for all patients using EDI-OCT during pregnancy
and at the third month of the postpartum period.

Results: The SFCTs in pre-eclamptic pregnant women were 351.97 + 22.44 and
332.28 + 20.32 um during the pregnancy and postpartum periods (p<0.001),
respectively, whereas these values in healthy pregnant women were 389.73 +
49.64 and 329.78 + 22.36 um (p<0.001), respectively. During pregnancy SFCT in
pre-eclamptic pregnant women was significantly thinner than that in healthy
pregnant women (p<0.001). However, there was no statistically significant diffe-
rence during the postpartum period (p=0.623).

Conclusions: The results suggest that SFCT is significantly decreased in pre-
eclamptic pregnant women than in healthy pregnant women, despite no sta-
tistically significant difference in SFCT existing between the groups during the
postpartum period.

Keywords: Choroid; Choroid diseases/diagnosis; Tomography, Optical coherence;
Pre-eclampsia; Fovea centralis; Axial length; eye; Pregnancy

RESUMO

Objetivo: Investigar espessura subfoveal coroidal (SFCT) em pacientes com
pré-eclampsia usando imagens de tomografia de coeréncia dptica de profundidade
otimizada (EDI-OCT).

Método: Uma amostrade 73 mulheres grdvidas foi estudado ao longo de 28 semanas
de gestagdo. A amostra foi dividida em dois grupos: um com mulheres grdvidas com
pré-eclampsia (n=32), o outro com as mulheres grdvidas sauddveis (n=41). SFCT foi
determinadaem todos os pacientes utilizando EDI-OCT durante a gravidez e no terceiro
més do periodo pds-parto.

Resultados: Os SFCTs em gestantes com pré-eclampsia foram 351,97 +
22,44 um e 332,28 + 20,32 um durante o periodo de gravidez e pds-parto
(p<0,001), respectivamente. Estes valores em mulheres grdvidas sauddveis foram 389,73
+49,64ume 329,78+ 22,36 um (p<0,001), respectivamente. Durante a gravidez o SFCT
foi significantemente mais fino em mulheres com pré-eclampsia quando comparado
comasmulheres sauddveis (p<0,001). Noentanto, nGo houvediferencaestatisticamente
significante no periodo pds-parto (p=0,623).

Conclusées: Os resultados sugerem que SFCT é significativamente mais fino em
gestantes com pré-eclampsia do que nas mulheres grdvidas sauddveis, apesar de
ndo haver diferen¢a estatisticamente significativa na SFCT entre os grupos durante
o periodo pés-parto.

Descritores: Coroide; Doencas da coroide/diagndstico; Tomografia de coeréncia
optica; Pré-eclampsia, Fovea centralis; Comprimento axial do olho; Gravidez

INTRODUCTION

Pre-eclampsia is a disorder characterized by widespread va-
sospasm and pathologic lesions in multiple organ systems, inclu-
ding the uteroplacental vascular bed. Observed in 5%-10% of all
pregnancies, pre-eclampsia is a major cause of both maternal and
fetal mortality and morbidity. It is typically seen after week 20 of ges-
tation and frequently in first pregnancies™. In the pathophysiology
of pre-eclampsia, although endothelial cell damage and impaired
endothelial cell function play an important role, the cause of vascular
endothelial cell dysfunction remains unknown”. Numerous organs,
including the liver, eye, kidney, and those of the central nervous
system, can be affected by pre-eclampsia due to increased systemic
blood pressure and vascular endothelial damage®. Visual loss was
reported in 30%-100% of patients with pre-eclampsia and associated
with disorders of the choroidal and retinal circulation“®. The presen-
tation of the disorder involves lesions caused by ischemia in the retina
pigment epithelium (RPE) and the choroid, as well as cotton wool

spots, retinal hemorrhage and edema, papilledema, serous retinal
detachment, and Elschnig spots®.

As such, assessment of the choroid is crucial in ophthalmologic
practice for the management of pre-eclampsia, which primarily
affects the vascular system. Although indocyanine green angiogra-
phy and B-scan ultrasonography are usually performed in the clinical
assessment of the choroid, neither permits accurate cross-sectional
imaging. Consequently, the recently developed optical coherence
tomography (OCT) has proven valuable for observing changes in the
retina and RPE. Furthermore, a new modality in choroidal imaging
with OCT called enhanced depth imaging (EDI) has recently been
increasingly used, enabling the acquisition of detailed images of
tissues behind the RPE.

This study aimed to investigate subfoveal choroidal thickness
(SFCT) in patients with pre-eclampsia during pregnancy and the
postpartum period compared with that in healthy pregnant women
using EDI-OCT.
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CHOROIDAL CHANGES IN PRE-ECLAMPSIA DURING PREGNANCY AND THE POSTPARTUM PERIOD: COMPARISON WITH HEALTHY PREGNANCY

METHODS
STUDY POPULATION AND DESIGN

This cross-sectional study was conducted in the Ophthalmolo-
gy and Gynecology Departments at Kayseri Education and Research
Hospital in Kayseri, Turkey. The study adhered to the tenets of the
Declaration of Helsinki and was approved by the local ethics com-
mittee. All participants received oral and written information about
the study, and each participant provided written, informed consent.

A sample of 73 pregnant women was examined over a period of
28 weeks during gestation. Gestational age was based on the pre-
cise date of the woman'’s last period and ultrasound measurement
of the crown-rump length during the first trimester. Pre-eclampsia
was defined as hypertension (blood pressure of >140/90 on at least
two occasions >4 h apart after 20 weeks of gestation) and new onset
of proteinuria (=2 + on dipstick reading, =0.3 g/d by 24-h urine col-
lection, or =30 mg/mmol by protein-to-creatinine ratio). The study
involved two groups: one of pre-eclamptic pregnant women (n=32)
and another of healthy pregnant women (n=41). In cases in which
both eyes of the patient were eligible for inclusion, only the right eye
was included.

EXAMINATION PROTOCOL AND STUDY MEASUREMENTS

Each participant received a comprehensive ophthalmologic
examination involving best-corrected visual acuity (BCVA), slit lamp
biomicroscopy, dilated stereoscopic fundus examination, intraocular
pressure (IOP) measured using Goldmann applanation tonometry,
as well as axial length (AL) and OCT measurements. All examinations
were performed by an experienced clinician (MU). AL was measured
using IOL Master 500 (Carl Zeiss Meditec Inc, Jena, Germany). To
assess SFCT, OCT (version 5.6.3.0; Spectralis OCT Heidelberg Engi-
neering, Dossenheim, Germany) was used. All measurements were
repeated at the third month of the postpartum period. Moreover, to
avoid diurnal fluctuation, all examinations were performed between
T0am.and 12 a.m.

EXCLUSION CRITERIA

Ocular exclusion criteria for this study included more than two
diopters of cylindrical and/or spherical refractive error, a BCVA of
less than 20/20, IOP readings >21 mmHg, glaucoma, uveitis, retinal
disease, ocular trauma, dense media opacities, or a history of previous
intraocular surgery, laser therapy, or significant ocular disease. Parti-
cipants reporting a history of any medical or obstetrical problems
(except pre-eclampsia) were excluded from the study.

EDI-OCT MEASUREMENT

The method used for obtaining EDI-OCT images was previously
reported”®. SFCT was measured from the outer portion of the hyper-
reflective line corresponding to the RPE to the inner surface of the
sclera. Images were acquired by an experienced clinician (MU) and
assessed by an experienced clinician (MA), the later was blinded
to group identity. A representative EDI-OCT choroidal image in a
pregnant woman is seen in figure 1.

STATISTICAL ANALYSIS

All statistical tests were performed using the Statistical Package
for the Social Sciences v.20. Measurements of ocular parameters from
the right eyes were used for analyses. For each continuous variable,
normality was checked using the Kolmogorov-Smirnov test. Variables
between pre-eclamptic pregnant and healthy pregnant women
were compared using an independent Student’s t test, and a paired
t test was used to compare variables between the pregnancy and
postpartum periods in each group. Probability (p) values of <0.05
were considered statistically significant.
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Figure 1. Measurement of subfoveal choroidal thickness performed in a pre-eclamptic
pregnant women.

RESULTS

Table 1 summarizes the demographical and clinical features of
the participants. No statistically significant differences were detec-
ted in terms of gestational week, age, AL, or IOP between groups
(p=0.836, p=0.106, p=0.726, and p=0.936, respectively).

SFCT measurements and p values are shown in table 2. SFCT in
pre-eclamptic pregnant women was 351.97 + 22.44 uym (range, 309-
403) and 332.28 + 20.32 um (range, 301-381) during the pregnancy
and postpartum periods, respectively. In healthy pregnant women,
these values were 389.73 + 49.64 um (range, 320-473) and 329.78
+ 2236 um (range, 299-399), respectively. A significant decrease
in SFCT during the postpartum period compared with that during
the pregnancy period was found in both groups (p<0.001), but the
decrease in choroidal thickness (CT) was more prominent in healthy
pregnant women. SFCT in pre-eclamptic pregnant women during
pregnancy was significantly thinner than that in healthy pregnant
women (p<0.001). However, there was no statistically significant
difference in SFCT between the two groups during the postpartum
period (p=0.623).

DISCUSSION

Although described as hypertension and proteinuria emerging
during the second half of pregnancy, pre-eclampsia is a systemic,
complex syndrome involving all body systems, not merely reflected
by proteinuria and hypertension. Although its etiology is not entirely
known, it is thought to consist of common endothelial damage,
increased systemic vascular resistance, and generalized vasospasm
caused by inadequate trophoblastic invasion and placentation®'0.

Traditional methods used for assessing ocular findings in pre-
eclampsia have, until recently, included indocyanine green angio-
graphy, ocular fluorophotometry and angiography, and Doppler
ultrasonography''9. Low image resolution, low validity ratio in mea-
surements, and differences between observers are disadvantages of
these methods. For these reasons, objective, reliable, quantitative,
and highly sensitive imaging methods are required for the diagnosis
and follow-up of ophthalmic disease in pregnant women. Appropria-
te imaging technologies were recently developed, one of which is
OCT with a high-resolution tomographic section of the optic nerve
head, retinal nerve fiber layer, and retina by using 800-840 nm wa-
velength light in a non-contact, non-invasive manner. More recently,
EDI-OCT was developed for users to observe the morphology, thick-
ness, and anatomy of the choroid.

A structurally and functionally normal choroid is critical to retinal
functions. Oxygen and glucose are provided to the RPE and outer
layers of the retina by choroidal circulation. The choroid also pro-
tects the thermal stability of the ocular tissues and removes ocular
waste"”). The structure and thickness of the choroid can be affec-
ted by several factors, different ocular pathologies, and systemic
diseases®??. Ocular pathologies such as choroidal neovascular
membrane, uveal effusion syndrome, central serous chorioretinopa-
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Table 1. Demographical and clinical features of healthy and pre-eclamptic pregnant women included in the study

Variables Healthy pregnant women (control group) Pre-eclamptic pregnant women (study group) p*

Number of eyes/patients 41/41 32/32

Age (year) 0.106
Average = SD 27.54£525 29.59+£543
Range 18-38 18-43

Gestational week 0.836
Average + SD 3198 +3.82 31.81+289
Range 28-39 28-37

Axial length (mm) 0.726
Average + SD 23.04+0.77 23.11+0.90
Range 21.13-24.16 21.34-24.67

Intraocular pressure (mmHg) 0.936
Average = SD 13.37+2.79 13.31+287
Range 9-19 9-21

SD= standard deviation; *= independent Student's t test.

Table 2. The choroidal thicknesses in healthy and pre-eclamptic preg-
nant women at pre- and postpartum time points

Prepartum Postpartum
(3" trimester) (3“ month) pt
Healthy pregnant women (SFCT) (um)

N=41 eyes
Average = SD 389.73 £49.64 329.78 £22.36 <0.001
Range 320-473 299-399

Pre-eclamptic pregnant women (SFCT) (um)

N=32 eyes
Average = SD 35197 £2244 33228 +£2032 <0.001
Range 309-403 301-381
p* <0.001 0.623

SFCT= subfoveal choroidal thickness; SD= standard deviation; '= paired t test; *= indepen-
dent Student’s t test.

thy, Vogt-Koyanagi-Harada disease, angioid streaks, and polypoidal
choroidal vasculopathy, as well as systemic diseases, including dia-
betes mellitus, can also affect the choroid"®?2. Other studies have
reported decreased CT in correlation with increased refractive errors,
ALZ2), or age'®, Several studies have shown the effect of pregnancy
on CT. Takahashi et al. compared CT in 30 healthy and 30 pregnant
women and found no statistically significant difference between the
groups®?”. Kara et al. found SFCT to be significantly increased in preg-
nant women than in healthy women in their study of 100 pregnant
and 100 healthy non-pregnant women. They attributed this result to
physiological hemodynamic changes occurring in pregnancy, such
as increased cardiac output, arterial compliance, and decreased total
vascular resistance®. Meanwhile, Sayin et al. found CT to be decrea-
sed in pre-eclamptic pregnant women than in healthy pregnant
women®). Garg et al. assessed CT during the postpartum period in
their study of 15 pre-eclamptic pregnant, 15 healthy pregnant,and 19
healthy non-pregnant women. They found that CT was significantly
higher in pre-eclamptic women than in the other groups; a result
that they attributed to increased vascular endothelial growth®?,
Nevertheless, until now, no study has compared CT in pre-eclamptic
pregnant women between the pregnancy and postpartum periods.
As such, to the best of our knowledge, the present study is the first
to assess SFCT in pre-eclamptic pregnant women during and after
pregnancy.

In this study, SFCT was found to be significantly thicker in heal-
thy pregnant women than in pre-eclamptic pregnant women. CT
decreased by a statistically significant margin, and both groups had
similar values by the third month of the postpartum period. As such,
itis possible that choroidal thinning in the pre-eclamptic group was
caused by vascular vasospasm. Vascular vasospasm narrows choroidal
vascular structures, resulting in decreased choroidal blood supply
and, in turn, possible choroidal thinning.

In summary, vasoconstriction and the activation of thrombosis
occurring with pre-eclampsia impair choroidal microcirculation by
causing endothelial cell dysfunction. As a result, increased permeabi-
lity and/or impairment of the normal blood-retina barrier may occur.
Changes in choroidal structure should, therefore, be remembered
in the differential diagnosis of visual loss in pre-eclamptic pregnant
women. Future prospective studies with more patients are required,
nevertheless, to establish the chorioretinal effects of pre-eclampsia.
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Six-month outcomes of corneal crosslinking with dextran-free isotonic riboflavin solution

Resultados apds seis meses de crosslinking de cornea com solugdo isotonica de riboflavina sem dextrano
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ABSTRACT

Purpose: To analyze the short-term clinical and topographic outcomes in pa-
tients with keratoconus after corneal collagen cross-linking treatment (CXL) with
dextran-free isotonic riboflavin solution.

Methods: In this retrospective case series, 26 eyes from 26 patients with kera-
toconus were studied. The best corrected visual acuity (BCVA) and refractive and
topographic findings were analyzed at a 6-month follow-up.

Results: The mean BCVA (Snellen lines) values before and 1, 3, and 6 months
after CXL were 0.51 +£0.2,0.48 £0.2,0.57 £ 0.2, and 0.64 + 0.2, respectively, and
the difference between the preoperative and 6-month values was statistically
significant (p=0.006). The mean spherical equivalent refraction decreased from
-56 + 24 diopters (D) preoperatively to -50 + 2.1 D, and mean simulated keratometry
decreased from 48.5 + 2.5 D t0 47.8 + 2.6 D at 6 months. (p=0.145 and p=0.001,
respectively). In addition, the maximum keratometry decreased progressively
and significantly from the preoperative value during follow-up (p=0.003). The
central and minimal corneal thicknesses, including those of the epithelium,
also decreased from 442.8 + 25.6 um and 430.5 + 23.9 um preoperatively to
420.7 £ 31.8 um and 409.3 + 28.7 um at the most recent follow-up (p<0.001),
respectively. No intraoperative or postoperative complications were observed.
Conclusions: CXL with dextran-free isotonic riboflavin solution appears to be a
safe treatment alternative for keratoconus and yields sustained short-term impro-
vements in visual acuity, keratometric readings, and corneal thickness. However,
long-term results are needed to confirm these outcomes.

Keywords: Cornea; Collagen; Cross-linking reagents; Riboflavin/therapeutic use;
Ultraviolet rays; Dextrans; Visual acuity

RESUMO

Objetivo: Analisar os resultados clinicos e topogrdficos curto prazo apds crosslinking
(CXL) de cérnea com solugao isoténica de riboflavina sem dextrano, em pacientes
com ceratocone.

Meétodo: Estudamos 26 olhos de 26 pacientes com ceratocone, nesta série retros-
pectiva de casos. Melhor acuidade visual corrigida (BCVA), refragdo e achados to-
pogrdficos foram analisados aos 6 meses de acompanhamento.

Resultados: BCVA pré-operatcria (linhas de Snellen) foi de 0,51 + 0,2. BCVA apds
CXL foram de 0,48 + 0,2, 0,57 + 0,2 e 0,64 + 0,2 no 12 3% e 62 meses, respectivamente.
A diferenca entre a BCVA pré-operatdria e mais recente foi estatisticamente signifi-
cativa (p=0,006). O equivalente esférico médio diminuiu de -5,6 + 2,4 dioptrias (D)
no pré-operatdrio para -5.0 + 2.1 D e a média da ceratometria simulada diminuiu
de 48,5 + 2,5 D para 47, 8+ 2,6 D aos 6 meses. (p=0,145 e p=0,001, respectivamente).
A ceratometria mdxima diminuiu progressivamente durante o acompanhamento com
as mudangas sendo significativamente diferentes do valor pré-operatério (p=0,003).
As espessuras corneanas central e minima, diminuiram de 442,8 + 25,6 um e 430,5 + 23,9 um
para420,7 +31,8ume409,3 + 28,7 um, respectivamente, na visita mais recente (p<0,001).
Néo foram observadas complicagées intraoperatérias e pos-operatdrias.
Conclusées: CXL com solucdo de riboflavina isoténica sem dextrano parece seruma
opg¢do segura de tratamento para o ceratocone com melhora mantida na acuidade
visual, ceratometria e espessura corneanad, no curto prazo. Resultados a longo prazo
sdo necessdrios para confirmar estes resultados.

Descritores: Cérnea; Coldgeno; Reagentes para ligagdes cruzadas; Riboflavina/uso
terapéutico, Raios ultravioleta; Dextranos; Acuidade visual

INTRODUCTION

Keratoconus is a bilateral, asymmetric, non-inflammatory, and
slowly progressive corneal disease with an approximate incidence
of 1in 2000 individuals. This condition is characterized by corneal
thinning and protrusion, progressive myopia, and irregular astigma-
tism™ and has conventionally been treated using modalities, such as
rigid contact lenses, intrastromal corneal ring segment implantation,
and keratoplasty. However, current treatment objectives include
not only improved visual acuity but also the prevention of disease
progression®?. Accordingly, corneal cross-linking (CXL) is a relatively
new treatment method designed to increase the mechanical and
biochemical strength of the stromal tissue via exposure of the ectatic
cornea to riboflavin and ultraviolet-A (UVA) light®. This procedure is
the only currently available semisurgical therapeutic approach for
patients with progressing keratoconus and has been shown to delay

or even stop the progression of corneal ectasia, thus reducing the need
for keratoplasty®.

A minimum safety limit is defined as 400 um for corneal preope-
rative thickness to avoid damage of ultraviolet A (UV-A) irradiation to
endothelium, lens, and deeper structures®.

Different CXL techniques for thin corneas have been developed,
including transepithelial CXL"” and CXL with customized pachyme-
tric-guided epithelial debridement preserving the epithelium in thinner
corneal regions®. Alternatively, the induction of iatrogenic corneal
swelling via the administration of hypo-osmolar riboflavin solutions
before CXL application has been proposed as an alternative method
for corneas thinner than 400 um. However, the duration of thickening
induced by hypo-osmolar solutions is controversial, given that some
reports indicate a failure of this effect to persist throughout the
procedure, thus rendering deeper structures vulnerable to possible
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side effects from ultraviolet light exposure towards the end of the
procedurel’®. Notably, a recently introduced iso-osmolar riboflavin
solution that contains hydroxymethylcellulose instead of dextran is
considered a possible alternative to hypo-osmolar solutions in cases
with thin corneas.

In the present study, changes in visual acuity and refractive and
topographic outcomes were analyzed after CXL treatment performed
with this newly introduced dextran-free, isotonic riboflavin solution.

METHODS

Twenty-six eyes of 26 patients (12 males, 14 females; mean age:
25.1 £ 4.6 years, range: 18-33 years) with progressive keratoconus
who underwent CXL between September 2012 and October 2013
at Necmettin Erbakan University Meram Faculty of Medicine were
included in this study. The local ethics committee approved this
study, which adhered to the tenets of Declarations of Helsinki, and
informed consent was obtained from all patients. The inclusion cri-
teria were keratoconus with documented progression in the past 12
months, defined as an increase in maximum keratometry (Kmax) of
1.00 diopter (D) or more in the previous 12 months; corneal thickness
of at least 400 um at the thinnest point; age of at least 18 years; and
patient-reported deterioration of visual acuity (excluding other possi-
ble non-corneal reasons for deterioration). The exclusion criteria were
corneal opacity, previous ocular surgery, previous herpetic keratitis,
active ocularinfection, autoimmune disease, chemical injury, delayed
epithelial healing, and lactation at the time of the study.

The CXL procedure was performed under sterile conditions in
a surgical room according to the following description. After admi-
nistering 0.5% propacaine drops (Alcaine; Alcon Pharmaceuticals,
Fribourg, Switzerland) as a topical anesthestic, the corneal epithelium
was removed by mechanical debridement over the central 8.0 mm. A
dextran-free isotonic riboflavin solution [>0.1% riboflavin with 1.1%
hydroxypropylmethylcellulose (MedioCROSS M; Kiel, Germany)] was
appliedto the cornea every 3 min for 30 min. After 30 min, UVA (370 nm,
3 mW/cm? intensity) was applied to the cornea (CCL-VARIO; Peschke
Meditrade GmbH, Huenenberg, Switzerland) for 30 min. Application
of the riboflavin solution continued every 3 min during irradiation.
Ultrasound pachymetry (OcuScan RxP; Alcon Laboratories, Inc.,
Fort Worth, TX, USA) was performed on the de-epithelialized cornea
at approximately the thinnest point, which had been determined
preoperatively from a corneal pachymetry map obtained via corneal
topography. Three repeated measurements were taken by the same
surgeon (RO) after de-epithelization, at 15, 30, and 45 min into the
procedure, and at the end of the procedure. For each, the average of
10 measurements was taken, and the mean value obtained from the 3
measurements was used for the evaluation. Topical anesthetics were
added as needed during the procedure. Postoperatively, a bandage
contact lens (PureVision (balafilcon A); Bausch & Lomb, Rochester,
NY, USA) was placed, and levofloxacin and dexamethasone eyedrops
were administered 4 times daily until epithelization was complete.

Atbaseline and each of the postoperative follow-up examinations
(1, 3, 6 months), all patients underwent ophthalmological evaluations to
measure the best corrected visual acuity (BCVA), refraction (spherical
equivalent, diopters; D) and corneal topography (Pentacam; Oculus
GmbH, Wetzlar, Germany). The preoperative and postoperative
K-readings of Kmax and mean simulated keratometry (Sim K) were
assessed from topography data.

All variables were found to be normally distributed according to
the Kolmogorov-Smirnov test. The statistical power analysis yielded
a power of approximately 35%. The Friedman two-way analysis of
variance test was used to compare preoperative and postoperative
data. Following a Bonferroni correction, a p value of <0.0083 was
considered statistically significant in comparison tests.
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RESULTS

The mean baseline BCVA was 0.51 + 0.2 (Snellen lines), and the
corresponding readings after CXL were 0.48 + 0.2, 0.57 + 0.2, and
0.64 + 0.2 at the 1-, 3-, and 6-month follow-ups, respectively. A signi-
ficant difference was observed between the baseline and 6-month
postoperative BCVA values (p=0.006; Figure 1). The preoperative
mean spherical equivalent (SEQ) refraction was -5.6 + 2.4 D; although
this parameter decreased to -5.0 + 2.1 D at the last follow-up (SEQ
change=0.59 D), this change was not statistically significant (p=0.145;
Figure 2). In other words, an inverse relationship was observed between
the SEQ and BCVA values.

Compared with the baseline, the mean Sim K increased slightly
during the first postoperative month (p=0.407), followed by a decrease
at the 3-month follow-up (p=0.361) and subsequent plateau from
485+ 25D to47.8 + 2.6 D at the 6-month follow-up (p=0.001). The
mean Kmax exhibited a progressive decrease over 6 months, and this
change represented a significant difference from the baseline value
(p=0.003; Figure 3).

Before surgery, the central corneal thickness (CCT) and minimal
corneal thickness (MCT), including the epithelium, were 442.8 +
25.6 um and 430.5 + 23.9 um, respectively. These values decreased
t0417.6 £31.9 um and 407.2 + 31.1 um, respectively, at 3 months
but subsequently increased to 420.7 £31.8 umand 409.3 +28.7 um,
respectively at 6 months. Notably, the differences between the
preoperative and postoperative CCT and MCT values were statis-
tically significant at every time point during follow-up (p<0.001;
Figure 4). At baseline, the mean preoperative MCT, including the
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Figure 1. Graph representing changes in best corrected visual acuity over time.
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Figure 2. Graph representing changes in spherical equivalent refractive values of the
eyes over time.



epithelium, measured 430.5 + 23.9 um; this was reduced to 396.8
+ 21.3 um after removal of the epithelium. After the application
of dextran-free isotonic riboflavin solution, the MCT exhibited a
steady increase at the 15-, 30-, 45-, and 60-min time points during
the procedure (422.3 £19.1 um, 450.4 £ 14.9 um, 459.1 + 15.7 um,
and 464.9 + 15.5 um, respectively).

No eye exhibited a sterile or infectious infiltrate in the corneal
stroma after surgery, and no complications were observed after the
application of dextran-free isotonic riboflavin solution. All corneas de-
monstrated normal progression with respect to the epithelial healing
process. At the final follow-up examination (6 months after CXL), all
corneas were transparent, with no detectable stromal scarring.

DISCUSSION

Riboflavin-induced ultraviolet-light CXL has received a significant
amount of attention in recent years. Previous studies have demons-
trated the safety and efficacy of CXL for preventing the progression
of keratoconus""®'?. In this procedure, riboflavin serves as a photo-
sensitizer for crosslink induction and protects the underlying tissues
from the deleterious effects of UVA irradiation; in addition, it prevents
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corneal dehydration during the operative procedure!’. In cases with
particularly thin corneas, a 0.1% hypo-osmolar riboflavin solution
can also be applied to artificially swell the cornea to a thickness of
at least 400 pm before CXL, thus reducing the risk of UVA-induced
endothelial cytotoxicity®.

According to an earlier protocol described by Hafezi et al, UVA
treatment was administered after inducing iatrogenic corneal
swelling with hypo-osmolar riboflavin solution to a minimum corneal
thickness of 400 um, a procedure that was found to efficiently increase
the stromal thickness by 25% after 30 min®. In this procedure, the
application of iso-osmolar riboflavin solution continued during UVA
irradiation. This led to concerns regarding the durability of corneal
thickness throughout the procedure such as those raised by Kaya et al,,
who suggested that the iatrogenic swelling induced by a hypo-osmolar
riboflavin solution might be short-acting and thus would not persist
throughout UVA application, following an observed decrease in the
corneal thickness upon the installation of the iso-osmolar riboflavin
solution9.

Previous studies and the standard CXL procedure have generally
used an iso-osmolar riboflavin 0.1% solution containing 20% dextran
(402.7 mOsmol/L), which exerts a temporary dehydrating effect and
consequent corneal thinning. In contrast, we performed the CXL
procedure with a dextran-free isotonic riboflavin solution and obser-
ved that the corneal thickness increased throughout the procedure,
in agreement with the results of a previous study®™. However, the
safety CXL in the presence of an artificially swollen cornea remains
controversial because the lower concentration of collagen fibers in
the hydrated stroma is expected to weaken the crosslinking effect of
UVA, as demonstrated in experiments with collagen gels".

The current study aimed to analyze the variables related to
short-term outcomes in a group of patients with keratoconus who
were treated via corneal CXL with a dextran-free isotonic riboflavin
solution. After an initial worsening of all keratoconus indices and BCVA,
likely due to epithelial debridement, continuous improvements were
observed in most keratometric and topographic indices for up to 6
months after surgery. In previous studies, BCVA has been reported to
improve by 2 Snellen lines at 36 months and 1.05 Snellen lines at 12
months after CXL">'9, In another study, Goldich et al. observed a sig-
nificantimprovementin the BCVA (0.21 +0.1t00.14 +0.1; p=0.002)""".
Our results demonstrated a significant improvement of 1.03 Snellen
lines in the BCVA at 6 months.

A previous study conducted by Wittig-Silva et al. failed to exhibit
changesin the SEQ or the spherical or cylindrical component of sub-
jective refraction!’®. However, other studies have reported changes
in SEQ ranging from +0.40 D to +2.13 D229 Similarly, Caporossi
et al. observed a decrease in the SEQ value of 2.21 D at 3 months
after CXL®Y, and Wollensak et al. reported a significant improvement
of 1.14 D in the average SEQ at 6 months postoperatively. In our
study, we observed a mean improvement in the SEQ of 0.6 D at the
6-month follow-up; in addition, this was the lowest SEQ observed
in this study. However, the change in this parameter failed to reach
statistical significance, possibly as a result of the limited number of
patients in our study.

With respect to corneal curvature, we observed significant re-
ductions in the mean Kmax and Sim K values of 1.26 and 0.73 D,
respectively, at 6 months postoperatively. Caporossi et al. reported
similar results, with a postoperative average reduction in the mean
keratometry measurement of 1.96 DV, Similarly, Wollensak et al. re-
ported a reduction in the mean keratometry reading of 2.01 D",

Similar to previous studies, the corneal thickness decreased from
the preoperative to the final time point, indicating corneal compac-
tion®%2223) In our study, statistically significant differences between
the pre- and postoperative measurements were detected when the
corneal thicknesses at the apex of the keratoconus (MCT) and pupil
center (CCT) were measured. Notably, the CCT initially decreased sig-
nificantly from the baseline up to the 3-month time point but exhibited
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significant improvement at the 6-month follow-up. The MCT values
similarly decreased from the baseline, although the 6-month value
remained significantly below the preoperative value.

To the best of our knowledge, the outcomes of CXL treatment
with a dextran-free isotonic riboflavin solution have not been
reported previously. This study demonstrated improvements in
outcomes related to keratometry and visual acuity in patients under-
going CXL with a dextran-free isotonic riboflavin solution, similar
to the improvements observed in patients from previous studies
who were treated with dextran-containing solutions. Furthermore,
we reported that the use of a dextran-free iso-osmolar riboflavin
solution during CXL induced a steady increase in corneal thickness
throughout the procedure. This finding might be beneficial with res-
pect to an increased indication for CXL in patients with thin corneas,
as it removes the concern of unpredictable intraoperative thinning
below the safety margin reported in our other study!®. We note that
the improvements in visual acuity and keratometry readings were
found to occur progressively throughout the postoperative follow-up
period, suggesting that a longer follow-up is needed to determine
the total functional and anatomic effects of CXL and to obtain stable
functional and keratometric values. The small number of subjects in
the study group, lack of a control group comprising patients treated
with a standard dextran-containing riboflavin solution, and the short
follow-up period were limitations of our present study.

In conclusion, this study has demonstrated the safety of CXL with a
dextran-free isotonic riboflavin solution for the treatment keratoconus.
This procedure was found to yield good visual results and to reduce di-
sease progression, as well as iso-osmolar solutions containing dextran.
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ORIGINAL ARTICLE

Factors affecting visual acuity after accelerated crosslinking in patients with

progressive keratoconus

Fatores que afetam a acuidade visual apos crosslinking acelerado entre pacientes com ceratocone progressivo

AHMET Kiraiz!, KURSAT ATALAY!, KUBRA SEREFOGLU CABUKY, HAwa KaLDIRIM!, MUHITTIN TASKAPILI?

ABSTRACT

Purpose: The present study aimed to report the outcomes of patients with
progressive keratoconus who were treated via accelerated crosslinking (CXL)
6 months earlier and to determine the factors that promoted improved visual
acuity after treatment.

Methods: This retrospective study included 35 eyes of 34 patients with progressive
keratoconus who underwent CXL. Topographical measurements were obtained
preoperatively and in the first, third, and sixth months postoperatively using a
rotating Scheimpflug camera.The uncorrected visual acuity (UCVA), best-corrected
visual acuity (BCVA), flat keratometry (K) value (K1), steep K value (K2), average K
value (avgK), topographic cylindrical value (Cyl), apical keratoscopy front (AKf),
apical keratoscopy back (AKb), symmetry index front (SIf), symmetry index back
(SIb), and thinnest point of the cornea (ThkMin) were recorded.

Results: At the 6-month follow-up, the mean UCVA and BCVA values were im-
proved, and the K values remained stable. Statistically significant decreases in AKf
(p=0.04) and the thinnest point of the cornea (p=0.001) and a statistically significant
increase in AKb (p=0.01) were observed. A correlation analysis revealed that the
preoperative BCVA, UCVA, K1, K2, avgK, AKf, and AKb values significantly affected
visual acuity at the 6-month follow-up.

Conclusions: Accelerated CXL is an effective treatment for the prevention or
even reversal of keratoconus progression. The preoperative K values and apexes
of the anterior and posterior cornea were found to affect visual acuity at 6 months
after accelerated CXL. Both AKb steepening and AKf flattening appear to be
important factors in the stabilization of keratometric values and improvement
of visual outcomes.

Keywords: Cornea; Keratoconus/therapy; Riboflavin/therapeutic use; Ultraviolet
rays; Cross-linking reagents; Visual acuity

RESUMO

Objetivo: O objetivo do estudo é relatar os resultados do sexto més apds o tratamento
de crosslinking acelerado (CXL) em pacientes com ceratocone progressivo e determinar
os fatores que afetam a melhora da acuidade apés o tratamento.

Métodos: Neste estudo retrospectivo, foram incluidos 35 olhos de 34 pacientes com
ceratocone progressivo que se submeteram CXL. Acuidade visual ndo corrigida (UCVA)
e melhor acuidade visual corrigida (BCVA) foram registradas. Medidas topogrdficas
foram obtidas utilizando uma camara Scheimpflug rotativa no pré-operatério e no
19 32 e 62 meses apds a cirurgia. Os valores de ceratometria (K) mais plana (K1), K
mais curva (K2), médio de K (avgK), astigmatismo topogrdfico (Cyl), dpice anterior
da ceratoscopia (AKf), dpice posterior da ceratoscopia (AKb), indice anterior de si-
metria (SIf), indice posterior de simetria (SIb) e ponto mais fino da cérnea (ThkMin)
foram avaliados.

Resultados: A média UCVA e BCVA melhoraram, enquanto valores de K ficaram estdveis
6° més. Houve uma diminuicéo estatisticamente significativa na AKf e um aumento
estatisticamente significativo na AKb (p=0,04, p=0,01, respectivamente). O ponto
mais fino da cérnea diminuiu significativamente (p=0,001). Na andlise de correla¢ées,
além da UCVA e BCVA pré-operatdrias; valores K1, K2, avgK, AKf e AKb pré-operatdrios
influenciaram significativamente a acuidade visual no 62 més de acompanhamento.
Conclusées: CXL acelerado é uma forma eficaz de tratamento na preven¢do ou no
mesmo inversdo da progressdo do ceratocone. A acuidade visual no 6 més apos
CXL acelerado foi afetada a partir dos valores de K e dos dpice anterior e posterior da cérnea.
Encurvamento do AKb e aplanamento do AKf parecem ser fatores importantes na
estabilizag¢do dos valores ceratométricos e na melhora da acuidade visual.

Descritores: Cornea; Ceratocone/terapia; Riboflavina/uso terapéutico; Raios ultra-
violeta; Reagentes para liga¢ées cruzadas; Acuidade visual

INTRODUCTION

Keratoconus is a bilateral, asymmetric, degenerative disorder of
the cornea with an unknown etiology and is characterized by pro-
gressive distortion of the anterior corneal surface and apical thinning
of the stroma, leading to significant visual morbidity”. Currently,
corneal collagen crosslinking (CXL), which induces covalent binding
between individual collagen fibers to increase the stiffness and rigi-
dity of the anterior corneal stroma, is considered the most effective
treatment modality for delaying the progression of keratoconus®?.
CXL treatment relies on a photochemical reaction between riboflavin
(vitamin B2) and ultraviolet A (UVA); specifically, riboflavin acts as a
photosensitizer to induce crosslinking between collagen fibrils and
as a shield to protect underlying tissues from UVA damage®. Accele-

rated CXL delivers a higherirradiation dose to the cornea and reduces
the required light exposure time, thus improving patient comfort and
decreasing the likelihood of complications®.

CXL alters the corneal shape and structure and improves visual
acuity, and thus the results of this treatment may be affected by struc-
tural changes”. In particular, CXL is known to reduce the anterior cor-
neal keratometric values; however, elucidation of the postoperative
posterior corneal changes requires further investigation®®. Although
previous studies have evaluated biomechanical and clinical changes
in this context, the effects of these changes on visual acuity remain
unclear®. In this study, we aimed to report the 6-month results of
accelerated CXL in patients treated for progressive keratoconus and
to determine the factors affecting visual acuity after treatment.
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METHODS

This retrospective study was approved by the local ethics com-
mittee. The subjects included 35 eyes (19 right, 16 left) of 34 patients
(14 female, 20 male; mean age: 24.77 + 6.87 years) with progressive
keratoconus who underwent CXL between July 2014 and January
2015 at in Bagcilar Education and Research Hospital, Istanbul, Turkey.
Progressive keratoconus was defined as an increase of at least 1.00
diopter (D) in the steepest keratometry (K) measurement or the loss
of at least 2 lines in the best corrected distance visual acuity within
1 year. Patients with history of corneal surgery, chemical injury, or
delayed epithelial healing, those with a corneal pachymetry less than
400 um, and women who were pregnant or lactating during the
course of the study were excluded.

All patients underwent accelerated CXL according to the follo-
wing procedure. Initially, a topical anesthetic agent was administe-
red, and the central 8.0-mm epithelium was removed with a blunt
spatula. Riboflavin (0.1% in 20% dextran solution) was then admi-
nistered topically every 3 minutes for 30 minutes. The cornea was
aligned and exposed to UVA (365 nm) for 5 minutes at an irradiance
of 18 mW/cm? (Peschke Meditrade GmbH, Hiinenberg, Switzerland).
Isotonic riboflavin administration was continued every minute
during UVA exposure. After treatment, the eye surface was washed
with 20.0 mL of a balanced salt solution. Postoperatively, antibiotic
and corticosteroid drops were administered and a soft contact lens
bandage was placed. This contact lens was removed after the closure
of the epithelial defect. Antibiotics and corticosteroid drops were
continued 4 times daily for 1 week and 2 weeks, respectively. Patients
were examined before surgery and at 1-, 3-, and 6-month intervals
after corneal CXL treatment.

Visual acuity was determined using Snellen charts, and scores
were converted to logMAR units for analysis. The uncorrected visual
acuity (UCVA) and best corrected visual acuity (BCVA) were recorded.
The following topographical measurements were obtained preope-
ratively and at 1, 3, and 6 months postoperatively using a rotating
Scheimpflug camera (Sirius, Costruzione Strumenti Oftalmici, Italy)
and recorded: flat keratometry (K) value (K1), steep K value (K2), ave-
rage Kvalue (avgK), topographic cylindrical value (topographic astig-
matism) (Cyl), apical keratoscopy front (AKf), apical keratoscopy back
(AKb), symmetry index front (SIf), symmetry index back (Slb), and
thinnest point of the cornea (minimum corneal thickness; ThkMin).
The AKf (maximum keratometric value) was defined as the steepest
point of the anterior corneal surface, whereas the AKb was defined as
the steepest point of the posterior corneal surface. SIf, the symmetry
index of the anterior curvature, was defined as the difference of the
mean anterior tangential curvatures of 2 circular zones centered on
the vertical axis in the inferior and superior hemispheres. Similarly,
Slb, the symmetry index of the posterior curvature, was defined as
the difference of the mean posterior tangential curvatures of 2 cir-
cular zones centered on the vertical axis in the inferior and superior
hemispheres.

STATISTICAL ANALYSIS

SPSS software (version 21; IBM SPSS Statistics, Chicago, IL, USA)
was used for the statistical analyses of the results. These results are
presented as means =+ standard deviations for continuous variables
and as proportions (%) for categorical variables. Student’s t-test for
paired data was used for most analyses; however, the Pearson cor-
relation test was used for the correlation analysis. A p value of <0.05
was considered statistically significant.

RESULTS

According to a Snellen chart evaluation of UCVA at the 6-month
follow-up, UCVA remained stable in 19 (54.3%) eyes, improved by
1 line in 7 (20.0%) eyes, improved by 2 lines in 3 (8.6%) eyes, and
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improved by >3 lines in 2 (5.7%) eyes. However, UCVA decreased by
1 line in 2 (5.7%) eyes and by 2 lines in 2 (5.7%) eyes. A similar eva-
luation of BCVA at the 6-month follow-up, revealed a stable BCVA in
12 (34.3%) eyes, improvement by 1 line in 13 (37.1%) eyes, 2 lines in
5(14.2%) eyes, and >3 lines in 2 (5.7%) eyes, and a decrease by 1 line
in 3 (8.6%) eyes.

The results of the preoperative and 6-month follow-up evalua-
tions are summarized in table 1. The mean UCVA and BCVA values
improved, whereas the K values remained stable with topographic
astigmatism (Figures 1 and 2). Statistically significant decreases in

Table 1. Preoperative period and 6-month follow-up data

Preoperative period  6-month follow-up p
UCVA (logMAR) 076 £ 0.28 068+ 0.29 0.020
BCVA (logMAR) 043+ 0.22 034+ 0.20 0.010
K1 (D) 4574+ 201 4566+ 2.15 0.500
K2 (D) 4894 = 240 4875+ 2.50 0.090
Avg K (D) 4728+ 2.10 4715+ 2.20 0.240
Gyl 320+ 142 310+ 140 0.080
AKf (D) 5576+ 3.99 5525+ 426 0.040
AKb (D) 81.37 £10.09 84.71 £10.25 0.010
SIf 642+ 287 6.00+ 2.82 0.001
Slb 163+ 070 167+ 075 0.390
ThkMin (Mp) 45597 +31.46 422.66 +40.11 0.001

UCVA= uncorrected visual acuity; BCVA= best corrected visual acuity; K1=flat keratometry
value; K2= steep keratometry value; Avg K= average keratometry value; Cyl= topographic
cylindrical value; AKf=apical keratoscopy front; AKb=apical keratoscopy back; SIf=symmetry
index front; Slb= symmetry index back; ThkMin= thinnest point of the cornea; D= diopters.
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Figure 1. Alterations in the best corrected visual acuity (BCVA) and uncorrected
visual acuity (UCVA) values during follow-up.
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Figure 2. Alterationsin the apical keratoscopy front (AKf) and apical keratoscopy
back (AKb) values during follow-up.



AKf and SIf and a significant increase in AKb were observed (p=0.04,
p=0.001, p=0.01, respectively). In addition, the ThkMin exhibited a
statistically significant decrease after 6 months (p=0.001; Figure 3).

Table 2 summarizes the results of a correlation analysis of the
parameters related to visual acuity at the 6-month follow-up. The
preoperative BCVA, UCVA, K1, K2, average K, Akf, and Akb values
were found to significantly affect the visual acuity at the 6-month
follow-up.

DISCUSSION

In this study, we analyzed the factors affecting visual acuity at a
6-month follow- up evaluation in patients treated with accelerated
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Figure 3. Alterations in the corneal thinnest point during follow-up.

Table 2. Results of the correlation analysis

BCVA:* UCVA®
r p R p
Age -0.050 0.760 0.13 0460
BCVA® 0.770 0.010 047 0.004
UCVA? 0460 0.005 0.76 0.010
K12 0.530 0.001 037 0.020
K22 0440 0.008 0.56 0.010
Avg K 0.500 0.002 049 0.003
Cyl 0.001 0.990 041 0.010
AKf? 0450 0.006 0.23 0.170
AKb? 0.540 0.001 0.36 0.030
Slb? 0.120 0490 0.10 0.530
Sife -0.020 0.880 0.03 0.840
ThkMin® -0.190 0.260 -0.12 0490
K1° 0.520 0.001 0.39 0.020
K2° 0490 0.002 0.59 0.010
Avg KP 0.530 0.001 0.52 0.001
CylP 0.080 0.640 044 0.008
AKfe 0510 0.001 0.39 0.040
AKb® 0.640 0.010 035 0.040
Sife -0.080 0.640 -0.03 0.860
SlbP 0.090 0.600 0.04 0.840
ThkMin® -0.220 0.200 0.01 0.960

UCVA= uncorrected visual acuity; BCVA= best corrected visual acuity; K1=flat keratometry
value; K2= steep keratometry value; Avg K= average keratometry value; Cyl= topographic
cylindrical value; AKf= apical keratoscopy front; AKb=apical keratoscopy back; Sif= symmetry
index front; SIb= symmetry index back; ThkMin= thinnest point of the cornea; r= correlation
coefficient. = for preoperative; °= for 6-month follow-up.
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CXL for progressive keratoconus and determined that the preopera-
tive K1, K2, average K, Akf, and Akb values had significant effects on
visual acuity at this follow-up time point. Notably, visual acuity impro-
ved significantly after treatment as the AKf decreased and AKb increa-
sed. Although we did not observe statistically significant differences
between the pre-and post-operative K1, K2, and average K values, we
found that all K values, including Akf, affected visual acuity. Notably,
we observed negative correlations between K values and visual acui-
ty; in other words, lower preoperative K values were associated with
better visual acuity at the 6-month follow-up. Although the corneal
thickness decreased after treatment, we did not observe a correlation
between this parameter and visual acuity. Furthermore, we observed
a statistically significant increase in postoperative AKb values, as well
as positive correlations between visual acuity and AKb values during
both the preoperative and postoperative periods.

Corneal collagen CXL, which increases the biomechanical stabi-
lity of the cornea, is the preferred treatment for the management of
progressive keratoconus®. McAnea and O'Keefe described the visual,
refractive, and topographic outcomes following CXL in pediatric
patients with keratoconus and reported improvements in BCVA and
stable Kmax, Kmin, and Kmean values at 1 year!'”. Sedaghat et al. also
reported statistically significantimprovements in BCVA and UCVA du-
ring a 1-year follow-up after CXL, along with significant decreases in
the mean average keratometry values and apex corneal thickness!".
Berger et al. further reported stabilization of the average keratometry
values along with BCVA values in a 12-month follow-up after CXL;
similar to our findings, these results also supported the preventive
effects of CXL against keratoconus progression‘'?.

Accelerated CXL represents a reformation of standard CXL and
is characterized by significantly reduced treatment times, patient
discomfort, and complication rates. Recently, Hashemi et al. com-
pared the 6-month results of accelerated and standard collagen
CXL treatments for progressive keratoconus and determined that
the mean changes in uncorrected and corrected visual acuities, as
well as the mean decreases in the maximum K and mean K values,
did not differ statistically significantly between the groups‘™. Elbaz
et al. retrospectively studied the efficacy of accelerated CXL in 16
keratoconus-affected eyes and reported the effectiveness of this
procedure for the stabilization of topographic parameters, including
Ksteep, Kflat, average K, corneal astigmatism, and maximal curvature
reading at the corneal apex, after 12 months of follow-up‘®. Mita et
al. also evaluated the effectiveness of accelerated CXL in 39 eyes and
reported significantly improved UCVA and Kmax values at 6 months
after treatment"®.

The maximum keratometry value (Kmax or AKf) has been con-
sidered a key topographic indicator of CXL success, and has been
reported as stable or decreased after CXL in many studies®'>'”. Simi-
larly, we also observed significantly decreased AKf values after treat-
ment. In contrast, AKb, which represents the steepest point of the
posterior cornea, increased significantly after treatment. Additionally,
we observed a positive correlation between the visual acuity and AKb
values during both the preoperative period and the 6-month fol-
low-up. In our opinion, this increase in AKb might be associated with
reduced corneal thickness and/or flattening of the anterior cornea,
and might help to stabilize K values. Notably, these increased AKb
values were found to associate with increased visual acuity. To the
best of our knowledge, previous studies have not investigated an
association of the steepest point of the posterior cornea with visual
acuity in the context of CXL, thus warranting further evaluation of this
phenomenon in larger studies.

We additionally determined a significant decrease in the ThkMin
at 6 months after CXL. Similarly, Derakhshan et al. and Vinciguerra
et al. reported a significant decrease in the apex corneal thickness
during a 1-year follow-up after CXL but did not report changes
between the 6- and 12-month time points'®'®. However, Greenstein
et al. also reported corneal thinning up to 3 months after CXL, after
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FACTORS AFFECTING VISUAL ACUITY AFTER ACCELERATED CROSSLINKING IN PATIENTS WITH PROGRESSIVE KERATOCONUS

which this parameter returned to the baseline value after 3-6 months
and remained similar to the preoperative value at the 1-year follow-
up!'?. Moreover, McAnea and O’'Keefe defined a significant reduction
in the baseline mean thinnest corneal area at 6 months after CXL,
followed by a recovery at 1 year?. In our study, the lowest value for
the thinnest corneal point was measured at 1 month after CXL; this
value increased slightly until the 6-month time point but did not
reach preoperative levels. We did not determine any effects of the
ThkMin on visual acuity.

Currently, the available information regarding factors affecting
the outcome of accelerated CXL is limited. Notably, Toprak et al.
reported that in patients with progressive keratoconus, age, baseline
visual acuity, and baseline thinnest pachymetry affected the success
of CXL treatment®. In contrast, we did not determine any effects of
age or the ThkMin on visual acuity. Recently, De Angelis et al. reported
a significant improvement in the 1-year postoperative BCVA, but no
significant change in the 1-year postoperative Kmax, and identified
a low preoperative BCVA, high refractive astigmatism, and advanced
keratoconus as factors predictive of BCVA improvement®”. In con-
trast, we determined that astigmatism had some significant effects
on UCVA but not on BCVA, at a 6-month follow-up. In addition, we
also identified a positive correlation between preoperative and pos-
toperative visual acuity but observed that preoperative K values had
a negative effect on visual acuity. In our study, eyes with better preo-
perative visual acuity and less severe keratoconus (lower K values)
had better visual acuities at 6 months after CXL.

We note that the major limitations of this study are the small sam-
ple size and short duration of follow-up. Larger studies with longer
follow-up periods will be required to define the factors affecting the
outcomes of accelerated CXL.

In conclusion, accelerated CXL is an effective treatment for the
prevention or even reversal of keratoconus progression. The K values
and the steepest points of the anterior and posterior cornea were
found to affect the visual acuity at 6 months after accelerated CXL.
Posterior corneal steepening appears to be as important as anterior
corneal flattening for stabilizing the keratometric values and achie-
ving a better postoperative visual outcome.
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ORIGINAL ARTICLE

Effect of intravitreal anti-VEGF on choroidal thickness in patients with diabetic

macular edema using spectral domain OCT

Efeito de injecdo intravitrea na espessura de coroide em pacientes com edema macular diabético

utilizando OCT de dominio espectral

Vinicius F. KNiggenDorr!?, EpuarDo A. Novais?, SEraIo L. KNIGGENDORF!, CAmiLLA XaviER?, Emily D. CoLe®, Calo V. REGATIERIZ®

ABSTRACT

Purpose: To evaluate choroidal thickness (CT) using spectral domain optical
coherence tomography (SD-OCT) imaging at baseline and 6 months after intravi-
trealanti-vascularendothelial growth factor (anti-VEGF) treatment in patients with
diabetic macular edema (DME).

Methods: A retrospective chart review was performed to identify patients with
DME who underwent intravitreal injection of anti-VEGF (bevacizumab or ranibizu-
mab) in a pro re nata (PRN) regimen. Subfoveal choroidal thickness was compared
between values obtained at baseline and at 6-month follow-up visits.

Results: Thirty-nine eyes (15 females, 24 males) from 39 patients were enrolled
(mean age, 62.43 £ 8.7 years; range, 44-79 years). Twenty-three and 16 eyes were
treated with ranibizumab and bevacizumab respectively. The mean number of
anti-VEGF injections was 2.28 £ 1.27 (range, 1-5). Mean nasal, subfoveal, and
temporal choroidal thickness (CT) measurements at baseline were 234.10 + 8.63 um,
246.89 + 8.94 um, and 238.12 + 8.20 um, respectively, and those at 6 months
post-treatment were 210.46 + 8.00 um, 215.66 + 8.29 um, and 21243 + 8.14 um,
respectively. Significant differences in CT were observed between baseline and
the 6-month follow-up at all measured points (p=0.0327).

Conclusions: Over a 6-month period, the use of intravitreal anti-VEGF was asso-
ciated with significant thinning of the choroid in patients with DME. The clinical
significance of a thinner choroid in DME is currently unknown; however, it may
contribute to long-term adverse effects on choroidal and retinal function, repre-
senting an area requiring future investigation.

Keywords: Angiogenesis inhibitors; Choroid; Diabetic retinopathy; Intravitreal in-
jections; Tomography, optical coherence

RESUMO

Objetivos: Avaliar a espessura de coroide pré-tratamento e apds 6 meses da injegdo
intravitrea de anti-fator de crescimento vascular endotelial (anti-VEGF) em pacientes
com edema macular diabético (EMD), utilizando a tomografia de coeréncia dptica
de dominio espectral (SD-OCT).

Métodos: Andlise retrospectiva, com revisdo de prontudrios, foi realizada para
identificagdo de pacientes submetidos a tratamento com injegées intravitreas de
anti-VEGF, no regime pro re nata, para tratamento de EMD. As medidas da espessura
de coroide pré-tratamento foi comparada com as medidas apés acompanhamento
de 6 meses.

Resultados: Trinta e nove olhos de 39 pacientes (15 femininos, 24 masculinos) foram
incluidos, com idade médiade 62,43 + 8,7 anos (variando de 44-79 anos). Trinta e trés
olhos foram tratados com ranibizumab e 18 com bevacizumab. O nimero médio de
injecdes de anti-VEGF foi 2,28 + 1,27 (variando de 1-5). A medida média pré-tra-
tamento da espessura de coroide nasal, subfoveal e temporal foi 234,10 + 8,63 um,
246,89 + 8,94 um e 238,12+ 8,20 um, respectivamente. Apds acompanhamento de 6
meses as medidas médias da espessura de coroide foram 210,46 +8,00um, 215,66 +
8,29 um e 212,43 + 8,14 um. A diferenca entre as medidas médias pré e pés trata-
mento foi estatisticamente significante (p=0,0327) em todos os pontos medidos.
Conclusdo: Apds um periodo de 6 meses, o uso de injecdes intravitreas de anti-VEGF
foi associado com diminuicdo significante da espessura de coroide nos pacientes
com EMD. O significado clinico de uma coroide mais fina nos pacientes com EMD
é desconhecido mas pode causar eventos adversos a longo prazo para fung¢do da
coroide e retina, representando uma drea para futura investigagoes.

Descritores: Inibidores da angiogénese; Coroide; Inje¢es intravitreas; Retinopatia
diabética; Tomografia de coeréncia dptica

INTRODUCTION

More than 90 million people worldwide are affected by diabetic
retinopathy (DR), causing significant vision loss"?, with macular
edema and proliferative retinopathy as the leading causes of visual
impairment®?, Anti-vascular endothelial growth factor (anti-VEGF) drugs
are widely used in the treatment of diabetic macular edema (DME);
this is supported by an extensive body of literature, demonstrating
substantial improvements in visual and anatomic outcomes®“9.

The choroid is a vascularized tissue that plays a vital role in pro-
viding metabolic support to the outer retina, including the photo-
receptors and prelaminar portion of the optic nerve head™'?. Abnor-
mal choroidal blood volume and compromised flow may result in

dysfunctioning of the photoreceptor and mortality™®. Choroidal
vasculopathy, such as obstruction of the choriocapillaris, vascular de-
generation, choroidal aneurysms, and neovascularization, may be
involved in the pathogenesis of DR,

Enhanced depth imaging using spectral domain optical cohe-
rence tomography (SD-OCT) enables improved visualization of the
choroid and assessment of choroidal thickness'®'”) Results of clinical
studies have indicated that choroidal thickness may be related to DR
severity, and the presence of DME is associated with a significant de-
crease in choroidal thickness!"®. In patients with neovascular age-related
macular degeneration (AMD), anti-VEGF drugs have been shown to
induce significant thinning in choroidal thickness, which may lead to
unknown long-term consequences or complications'®.
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EFFECT OF INTRAVITREAL ANTI-VEGF ON CHOROIDAL THICKNESS IN PATIENTS WITH DIABETIC MACULAR EDEMA USING SPECTRAL DOMAIN OCT

Currently, intravitreal anti-VEGF injections are the most common
treatment for DME. Though anti-VEGF injections improved visual acuity,
several studies demonstrated an association with decreased central
retinal thickness"®'?. However, there is currently a lack of studies inves-
tigating the effect of anti-VEGF injections on the choroid in patients
with diabetes. The purpose of the present study was to evaluate the
effect of intravitreal anti-VEGF injections on choroidal thickness using
SD-OCT in patients treated for DME.

METHODS

This was a retrospective chart analysis conducted at the Federal
University of Sao Paulo (UNIFESP) and Hospital Oftalmolégico de Bra-
silia, Brazil. The present study was approved by the UNIFESP Institu-
tional Review Boards (CEP 1.093.853) and adhered to the tenets of
the Declaration of Helsinki. Informed consent was obtained from all
subjects after explanation of the nature of the present study.

SUBJECTS

Exploratory chart review of data collected from patients with type
2 diabetes previously treated for DME with intravitreal anti-VEGFs
between January 2012 and June 2014. Clinically significant macular
edema (CSME) was assessed by clinical examination and SD-OCT
imaging. The diagnosis of CSMA was defined according to the Early
Treatment Diabetic Retinopathy Study (ETDRS) protocol. A pro re nata
(PRN) protocol was used to treat DME in all patients. Major exclusion
criteria included the following: previous anti-VEGF or intravitreous
corticosteroid treatment for DME within 6 months of the first visit;
vitreomacular traction syndrome; suspected or confirmed glaucoma;
proliferative diabetic retinopathy; previous retinal laser therapy; pre-
vious pars plana vitrectomy; high myopia and age-related macular
degeneration; and other causes of macular edema.

CHOROIDAL THICKNESS MEASUREMENT

SD-OCT scans were performed using EDI SD-OCT (Spectralis OCT,
Heidelberg Engineering, Heidelberg, Germany). The scan pattern
used was a high-definition 1-line raster scanning of 30° consisting of
768 A-scans per frame, followed by an average of 100 frames®“?. Mea-
surements were performed before and after anti-VEGF treatment. For
images to be included in the present study, the signal-to-noise ratio
(SNR) had to be at least 20 dB (considered best quality) and should

200 pm
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be taken as close to the fovea as possible (thinnest macular point),
with the understanding that slight differences in positioning affect
the measured thicknesses?". Using the Spectralis linear measurement
tool, two independent observers measured CT perpendicularly from
the outer edge of the hyper-reflective RPE to the inner sclera at
500-mm intervals temporal and nasal to the fovea up to 1,000 mm.
Measurements were performed prior to treatment and at a 6-month
follow-up (Figure 1).

STATISTICAL ANALYSIS

Data are expressed as means + standard error of the mean. Statis-
tical analyses were performed using a paired t-test for comparing
between baseline and follow-up choroidal thickness measurements.
The Pearson correlation coefficient was used to evaluate the corre-
lation between choroidal thickness and central foveal thickness. A
95% confidence interval with a 5% level of significance was adopted;
thus, P values of <0.05 were considered to be statistically significant.
Analysis of variance (ANOVA) with the Bonferroni correction was used
to compare groups treated with bevacizumab and ranibizumab. All
statistical analyses were performed using Graph Pad Prism 5.0 software
for MAC.

RESULTS

Thirty-nine eyes from 39 patients (15 female, 24 male) were in-
cluded in the study analysis. The mean age was 62.43 + 8.7 years,
with a range of 44-79 years. Twenty-three eyes were treated with ra-
nibizumab and 16 eyes were treated with bevacizumab. The average
number of anti-VEGF injections administered was 2.28 + 1.27 (range,
1-5) over the 6-month follow-up. Central retinal thickness improved
in all patients after 6-month anti-VEGF treatment.

The choroid was noted to be thinnest nasally, thicker temporally,
and thickest in the subfoveal region. This pattern was observed at
baseline and after the 6-month follow-up, which is consistent with
that reported in previous studies?. Figure 2 shows the mean CT at
each location. Choroidal thickness was significantly thinner (p=0.0327)
at all measured points following anti-VEGF treatment. Mean nasal,
subfoveal, and temporal choroidal thickness measurements at base-
line were 234.10 + 8.63 um, 246.89 + 8.94 um, and 238.12 + 8.20 um,
respectively, and at the 6-month follow-up were 210.46 + 8.00 um,
215.66 +8.29 um, and 212.43 + 8.14 um, respectively.

232 pm

277 um

Figure 1. Spectral Domain OCT. Central choroidal thickness measurements. A) prior anti-VEGF treatment and; B)

post-treatment.
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Figure 2. Mean choroidal thickness at the fovea and at 500-um intervals nasally and temporally at baseline and at the

6-month follow-up.

In a subgroup analysis of patients who received intravitreal be-
vacizumab, mean nasal, subfoveal, and temporal choroidal thickness
measurements at baseline were 241.25 + 14.40 ym, 259.50 + 13.93 um,
and 249.87 + 13.30 um, respectively, with significant decreases to
21275+ 1270 ym, 221.12 + 12.26 ym, and 221.12 £ 12.06 pum, res-
pectively, at the 6-month follow-up. In the ranibizumab group, mean
nasal, subfoveal, and temporal choroidal thickness measurements at
baseline were 229.13 + 10.83 um, 238.13 + 11.56 um, and 229.95 +
10.28 um, respectively, with significant decreases to 208.86 + 10.53 um,
211.87 £ 11.34um,and 206.40 + 11.00 um, respectively, at the 6-month
follow-up. No significant difference (p>0.05) in foveal CT was obser-
ved between eyes treated with ranibizumab (211.87 + 11.34 um) and
those treated with bevacizumab (221.12 + 12.26 um). Decreases in
central retinal thickness were not correlated with choroidal thinning
after 6-month anti-VEGF treatment.

DISCUSSION

The choroid plays an integral role in the metabolic support of the
retinal pigment epithelium (RPE), optic nerve, and outer retina;
normal choroidal vasculature is essential for appropriate functioning
of the retina'?. Compromised choroidal blood flow may result in
dysfunctioning of the photoreceptor and insufficient removal of
metabolites generated by RPE cells, resulting in an accumulation of
waste at Bruch’s membrane™. Previous studies have reported abnor-
mal choroidal findings in patients with diabetes such as increased
blood vessel tortuosity, focal vascular dilation and narrowing, hyper-
cellularity, vascular loops, microaneurysms, areas of non-perfusion,
and sinus-like structure formation between the choroidal lobules*?¥.
Choroidal thinning, increased thickness of the extracellular matrix,
and decreased vessel diameter have been observed on SD-OCT ima-
ging in the eyes of patients with diabetes!162+2%),

Anti-VEGF treatment has demonstrated utility in improving visual
and anatomical outcomes in DME“9. The effects of anti-VEGF the-
rapy on choroidal thickness in various diseases, including AMD and
DM, have been reported in several previous studies®'?. Yiu et al.
demonstrated that central choroidal thickness decreases following
anti-VEGF therapy for DME after 6 months'™. The present study
also found a statistically significant decrease in choroidal thickness
among patients following anti-VEGF injections.

The results of the present study indicate that intravitreal anti-VEGF
therapy may influence choroidal structure in eyes with diabetic reti-

nopathy treated for DME. This result may be attributable to the findings
that both full-length antibody (bevacizumab) and Fab fragment
(ranibizumab) drugs are able to penetrate into all retinal layers, reach
the choroid, and accumulate in the wall of the choroidal vessel?29),
As VEGF functions by inducing vessel dilation and increasing ocular
blood flow, which is mediated by increased nitric oxide production®?,
VEGF inhibition by these drugs may cause constriction of the choroi-
dal vessels. Choroidal thickness is already decreased in patients with
diabetes, and the consequences of further thinning of the choroidal
vasculature secondary to anti-VEGF administration are unknown.
Altered choroidal blood flow may result in dysfunctioning of the pho-
toreceptor and mortality, contributing to the higher anatomical and
functional responses to anti-VEGF treatment in patients with thicker
choroids, as demonstrated by a previous report©?.

One of the major limitations of the present study was the retros-
pective design. We were unable to determine which anti-VEGFs were
administered, and we were unable to identify a control group. Addi-
tionally, visual acuity data were not analyzed as the major objective
of the present study was to evaluate changes in choroidal thickness.

As anti-VEGF drugs are commonly used in the treatment of DME
and other retinal pathologies, a full understanding of the effects of
anti-VEGF drugs on the choroidal vasculature is warranted. Further
prospective studies are required to completely determine the long-
-term effects of anti-VEGF therapy on choroidal thickness. Decreased
choroidal thickness induced by anti-VEGF administration may have
long-term adverse effects on choroidal and retinal functions.
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ORIGINAL ARTICLE

Implantation of foldable posterior chamber intraocular lens in aphakic vitrectomized

eyes without capsular support

Implantagdo lente intraocular dobrdvel de camara posterior em olhos aficicos vitrectomizados sem

apoio capsular

GURKAN ErRDOGAN?, CIHAN UNLU!, BETUL ONAL GUNAY!, ESRA KARDES!, AHMET ERGIN!

ABSTRACT

Purpose: To evaluate the outcomes of three different surgical techniques for
foldable posterior chamber intraocular lens (PCIOL) implantation in vitrectomized
eyes without capsular support.

Methods: A total of 60 patients with aphakic and vitrectomized eyes without
capsular support were enrolled. All patients underwent three-piece foldable
PCIOL implantation into the posterior chamber through a small corneal incision.
Transscleral fixation (TSF), iris fixation (IF), and intrascleral tunnel fixation (ISF)
surgical techniques were performed.

Results: Postoperative PCIOL subluxation or dislocation occurred in one case
in the TSF group and two cases in the ISF group. Intraoperative PCIOL dislo-
cation occurred in two patients in the IF group. The incidence of temporary
postoperative complications, such as mild intraocular hemorrhage and cys-
toid macular edema, was higher in the ISF group. No statistically significant
difference in PCIOL-related astigmatism was observed between groups. Visual
acuity improved in all groups.

Conclusions: Postoperative outcomes were comparable between TSF, IF, and
ISF for PCIOL in vitrectomized eyes without capsular support.

Keywords: Lens implantation, intraocular/methods; Iris/surgery; Suture tech-
niques; Aphakia

RESUMO

Objetivo: Avaliar os resultados de trés diferentes técnicas cirdrgicas para im-
plantagdo da lente intraocular de camara posterior (PCIOL) dobrdvel em olhos vi-
trectomizados sem apoio capsular.

Métodos: Um total de 60 olhos de 60 pacientes afdcicos vitrectomizados, sem apoio
capsular foram inscritos. Todos os pacientes foram submetidos ao implante de PCIOL
dobrdvel de trés pecas na cdmara posterior, através de uma pequena incisdo na
cérnea. Foram utilizados as técnicas cirdrgicas de fixa¢ao transescleral (TSF), fixagdo
iriana (IF) e tinel de fixacao intraescleral (ISF).

Resultados: Subluxacdo ou luxacdo da PCIOL ocorreu em um caso no grupo TSF e
em dois casos no grupo ISF. Deslocamentos intraoperatdrios da PCIOL ocorram em
dois pacientes no grupo If. Frequéncia de complicacdes pds-operatdrias tempordrias
como hemorragia intraocular leve e edema macular cistéide foi maior no grupo
ISF. Néo houve diferenca estatisticamente significativa do astigmatismo relacionado
a PCIOL entre os grupos. A acuidade visual melhorou em todos os grupos.
Conclusées: Nenhuma das trés técnicas cirargicas teve destaque em termos de
resultados cirtirgicos comparativos.

Descritores: Implante de lente intraocular/métodos; Iris/cirurgia; Técnicas de sutura;
Afacia

INTRODUCTION

The capsule of the crystalline lens, if sufficiently present, is used
as a support tissue for intraocular lens (IOL) implantation surgery
performed on vitrectomized eyes. Eye trauma or iatrogenic damage
during complicated cataract surgery, loss of position and zonule
connections of the crystalline lens, and IOL via dislocation may cause
loss of support tissue for lens capsule implantation prior to pars pla-
na vitrectomy (PPV). During PPV, the iatrogenic removal of the lens
capsule may be required depending on the etiology and severity of
the vitreoretinal disease. Posterior chamber IOL implantation may
be performed via posterior chamber transscleral fixation”, iris fixa-
tion®™, intrascleral fixation!???, angle supported anterior chamber
IOL®4, or iris claw IOL implantation®>29),

Advantages of PCIOL fixation include the distant position from
anterior segment structures, such as the corneal endothelium, and
proximity to the focal point of the eye where the lens is naturally

situated. However, the lack of the volume creation and supporting
effect of the vitreous, and the fact that the surgery is generally
performed under irrigation fluid, may complicate PCIOL fixation in
vitrectomized eyes. In these cases, a small corneal tunnel incision
may be used to create a closed and more stable surgical space. In
cases with no capsular support, the implantation of a foldable 10L
can be performed through a small corneal incision into the posterior
chamber with suture fixation to the sclera or iris“'™. Alternatively,
IOL implantation can be performed through a small incision to the
posterior chamber with sutureless intrascleral fixationt222.

In the present study, we evaluated three separate groups of pa-
tients with vitrectomized aphakic eyes lacking capsular support in
whom foldable IOL were implanted through a small corneal incision
using either transscleral fixation, iris fixation, or intrascleral fixation.
Outcomes and complications were compared between the surgical
methods.
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METHODS

We performed a retrospective observational case-controlled
study of vitrectomized aphakic eyes in patients who had undergone
foldable intraocular lens implantation into the posterior chamber.
Patients lacking capsular support were divided into three groups ac-
cording to the surgical intervention received between January 2008
and December 2014. Transscleral fixation was performed between
January 2008 and June 2010 (TSF group), iris fixation between April
2010 and May 2012 (IF group), and intrascleral fixation since April
2012 (ISF group). In the ISF group, we did not include the initial eight
cases of IOL implantation using folding method rather than injection
during the learning period. We included consecutive cases that had
undergone surgery between August 2012 and December 2014,
Ethical approval for present the study was obtained from the local
ethics committee. Detailed informed consent was obtained from
each patient. The present study followed the tenets of the Declaration
of Helsinki.

Ophthalmic examinations, including best-corrected visual acuity
(BCVA) and intraocular pressure (IOP) measurements, dilated intrao-
cular slit-lamp examination, autorefractometry, keratometry, and
spectral domain optical coherence tomography (SD-OCT) (Optovue
Inc., Fremont, CA) evaluation were performed during preoperative
and postoperative study visits. Preoperative ocular condition, and
intraoperative, and postoperative complications were evaluated.
Astigmatism related to IOL was detected using “power vector analysis
(PVA)" with the consideration of preoperative and final examination
keratometry values. The incidence of postoperative astigmatism rela-
ted to IOL and BCVA was compared between groups. Patients with a
follow-up period of <3 months or with preoperative corneal opacity
were excluded from the study.

SURGICAL METHODS

All surgeries were performed by one surgeon (G.E). Retrobulbar
anesthesia was performed in all patients. Continuous anterior cham-
ber or pars plana infusion was used during surgery. A three-piece IOL
(Sensar AR40e; Abbott Medical Optics, USA) was inserted through a
superior clear corneal incision in all techniques. In cases with a dislo-
cated I0OL, exchange was performed if a single-piece IOL was present.
However, the primary IOL was used for fixation if a three-piece IOL
was present.

TRANSSCLERAL FIXATION TECHNIQUE

Transscleral fixation of foldable PCIOL was performed using the
method described by Lewis®”. Local conjunctival peritomies were
performed on quadrants 3 and 9 followed by formation of the lim-
bus based partial-thickness triangular flaps at 180°. A straight needle
carrying 10-0 polyprolene was inserted into the posterior chamber
under a scleral flap and was removed from beneath the opposite
scleral tissue with the guidance of a 27-gauge needle. A 3.5-mm
corneal incision was performed superiorly. The suture traversing the
posterior chamber was pulled under the pupil with the assistance of
a hook and removed from the main incision, cut, and then tied to the
IOL haptics. The 0L was folded on the 6 o'clock and 12 o'clock axis
and placed into the anterior chamber. Sutures were gently pulled to
centralize the IOL. The polyprolene sutures were tied under the scleral
flaps and the conjunctiva was closed using an 8-0 polyglactin suture.

IRIS FIXATION TECHNIQUE

Iris fixation of foldable PCIOL was performed using the method
described by Condon®. Pupillary constriction was provided by preo-
perative application of 4% topical pilocarpine. Paracentesis was ap-
plied with a 23-gauge MVR at 3, 6, and 9 o'clock. The IOL was folded
into the desired shape, such that the haptics were in a mustache
configuration, and placed through the corneal incision at 12 o'clock
into the anterior chamber in a captured position with both haptics
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placed into the posterior iris extending into the 3 and 9 oclock qua-
drants. In order to prevent posterior dislocation of the lens, the optic
body was posteriorly supported with a spatula inserted at 6 o'clock.
The optic was mildly elevated superiorly with a spatula to visualize
the haptic under the iris. Using a modified McCannel-type technique,
a 10-0 polyprolene suture was passed under the haptic and retrieved
through the proximal paracentesis before the haptic was fixed to the
peripheral iris. Similarly, the other haptic was sutured, with the optic
manipulated into the posterior chamber.

INTRASCLERAL FIXATION TECHNIQUE

Intrascleral fixation of foldable PCIOL was performed via injection
using a similar method as described by Gabor and Pavlidis"?. The con-
junctiva was opened at two clock-hour in the superior and inferior
quadrants prior to cauterization. Scleral tunnels of 3 mm length were
formed 1.5 mm from, and parallel to, the limbus using a 25-gauge
trocar blade at the 6 o’clock and 12 o'clock positions. Infusions were
then instilled into the anterior chamber or pars plana. A clear inci-
sion of 3 mm was made superiorly before the creation of a side port
incision at 3 o'’clock using a 23 MVR blade at the cornea. The leading
haptic at the edge of the cartridge was grasped using 25-gauge for-
ceps in the inferior scleral tunnel. The optic was then opened in the
anterior chamber gradually while the cartridge was withdrawn and
the trailing haptic unfolded outside the anterior chamber through
the corneal incision. The leading haptic was externalized from the
inferior scleral tunnel. Consequently, the trailing haptic was transfer-
red from the superior corneal incision to the 23-gauge forceps in the
side port at the 3 o'clock position and later grasped by the 25-gauge
forceps in the superior scleral tunnel using the handshake techni-
que® and externalized. The haptics were fixed by suturing around
the scleral tunnels with 8-0 polyglactin suture and the conjunctiva
was closed.

STATISTICAL ANALYSIS

NCSS (Number Cruncher Statistical System) 2007 & PASS (Power
Analysis and Sample Size 2008 Statistical Software, Utah, USA) were
used for statistical analyses. BCVA values were converted to logarithm
of the minimum angle of resolution (IlogMAR) units in all patients.
The Kruskal-Wallis test was used to compare three and more groups
demonstrating abnormal distributions. The Mann-Whitney U test
was used to compare qualitative data between groups. The Wilcoxon
signed rank test was used intra-group comparisons of parameters
demonstrating an abnormal distribution. P-values of <0.05 were
considered statistically significant.

RESULTS

The present study included 60 patients (60 aphakic vitrectomized
eyes) without sufficient capsular support. No significant difference in
patient age was observed between groups (P=0.50). Table 1 summa-
rizes the demographic characteristics of the study population. Ocular
conditions prior to IOL implantation are shown in table 2.

Table 3 presents the timings of IOL implantation. BCVA changes
before and after surgery are provided in table 4. Statistically signifi-
cant increases in visual acuity were observed postoperatively in all
groups, except for the TSF group in which there was a trend toward
increased BCVA postoperatively (P=0.092). No significant differen-
ces in preoperative VA were observed between groups (P=0.123);
however, postoperative values were found to differ significantly
between groups (P=0.003). Postoperative VA values were highest in
the IF group. No significant difference in BCVA was observed between
groups (P=0.790)

Intraoperative complications were observed only in the IF group.
Intraoperative IOL dislocation occurred in two patients, with one ins-
tance of recurrence observed in one of these patients. Postoperative
complications are summarized in table 5. Mild temporary intraocular



hemorrhage (IOH), which resolved in 1-3 weeks, and postoperative
cystoid macular edema (CME), demonstrated by optical coherence
tomography, were more common among patients in the ISF group.

Table 1. Baseline characteristics and ophthalmic data

Number of eyes 60
Age, yrs (mean + SD) 656+ 12.2
Male/female 53/36
Type of IOL implantation

Transscleral fixation 13

Iris fixation 17

Intrascleral fixation 30
Follow up, months (mean + SD) 70+ 37

|OL= intraocular lens; SD= standard deviation.

Table 2. Ocular conditions prior to IOL implantation

TSF IF ISF
group group group

IOL subluxation/dislocation 1 5 7
Crystalline lens subluxation/dislocation 5 4 3
Dislocated lens fragments during cataract surgery 4 3 5
Capsular damage during cataract surgery 3 3 3
Trauma/intraocular foreign body 1 6
Endophthalmitis 1 6

IOL= intraocular lens; TSF= transscleral fixation; IF= iris fixation; ISF= intrascleral fixation.

Table 3. Timing of IOL implantation

Time of IOL implantation

Groups During PPV, n (%) After PPV, n (%)
All groups 16 (27) 44(73)

TSF group 3(23) 10(77)

IF group 4(23) 13(77)

ISF group 9 (30) 21 (70)

IOL= intraocular lens; PPV= pars plana vitrectomy; TSF= transscleral fixation; IF= iris
fixation; ISF= intrascleral fixation.

Table 4. Preoperative and postoperative best-corrected visual
acuities

TSFgroup  IFgroup ISF group
Preoperative BCVA (logMAR)  136+099  094+0.71 133+079 0123
(mean + SD)
Postperative BCVA (logMAR) ~ 089+0.84  040£030 084+042 <0.003**
(mean + SD)
®P-value 0.092 0.001%** 0.00%*
Change in BCVA 047100 055+056 043+067 0790
(mean + SD)

SD= standard deviation; BCVA= best-corrected visual acuity; logMAR= logarithm
of the minimum angle of resolution; TSF= transscleral fixation; IF= iris fixation; ISF=
intrascleral fixation.

2= Kruskal-Wallis test; °= Wilcoxon signed ranks test; = Mann-Whitney U test.
*=P<0.05; **=P<0.01.
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CME occurred 1-3 months postoperatively and resolved within 6
months in all patients. Postoperative endophthalmitis was not ob-
served in the present study.

No statistically significant difference between in the incidence
of IOL-related astigmatism, calculated according to the PVA method,
was observed between groups. However, while mean |OL-related
astigmatism values were 0.91 diopter (D) in the IF group and 1.35 D
in the ISF group, a value of 1.65 D was observed in the TSF group
(P=0.20; Table 6).

DISCUSSION

The vitreous humor plays an important role in providing structure
and volume due to its semi-solid gel-like properties. In a proportion
of vitrectomized eyes, in addition to reduced amounts of vitreous
humor, the eye anatomy may be altered due to surgery, trauma,
inflammation, and natural events such as old age and myopia, lea-
ding to decreased scleral rigidity. The creation of a stable surgical
environment in vitrectomized eyes during anterior segment surgery
is typically challenging, and IOP regulation may be provided via an-
terior chamber or pars plana continuous fluid infusion.

In order to maintain stable and consistent vitreal volumes, low-
fluctuating IOP (i.e., a balance between entering and exiting fluids)
is required. As the incision is extended, it becomes more difficult to
maintain stable and maintained IOP. Further, fluid regurgitation,
sudden pressure drops, and risk of collapse all increase with surgical
manipulations. Young et al®® attempted to overcome these chal-
lenges using a scleral tunnel incision rather than a corneal incision.
Further, the use of bridle sutures in the rectus muscle reportedly have
utility in preventing globe collapse intraoperatively®.

The presence or absence of capsular support in vitrectomized
eyes is important in determining the most appropriate surgical
approach. While the surgical method is simple and evident in eyes
with capsular support, the lack of a capsule requires the use of more
complex surgical procedures. Posterior chamber implantation has
many advantageous over anterior chamber implantation - the IOL is
distant from the sensitive anterior chamber structures, aqueous flow

Table 5. Postoperative complications

TSFgroup IFgroup ISF group

ERM 1
CME 1 1 4
Secondary glaucoma 1

Transient intraocular pressure rise 3 1 5
Temporary [OH 1 4
Dense IOH 1

IOL subluxation/dislocation 1 3
Retinal detachment 1 1
Temporary corneal edema 1

TSF= transscleral fixation; IF= iris fixation; ISF= intrascleral fixation; ERM= epiretinal mem-
brane; CME=cystoid macularedema;|OH=intraocular hemorrhage; IOL= intraocularlens.

Table 6. Postoperative IOL related astigmatism

TSFgroup IFgroup ISFgroup ?“P-value

IOL related astigmatism 165+1.00 091+040 135+1.67 0.200

(mean + SD)

SD=standard deviation; TSF=transscleral fixation; IF=ris fixation; ISF=intrascleral fixation;
IOL= intraocular lens.
a= Kruskal-Wallis test.
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IMPLANTATION OF FOLDABLE POSTERIOR CHAMBER INTRAOCULAR LENS IN APHAKIC VITRECTOMIZED EYES WITHOUT CAPSULAR SUPPORT

paths, and cornea endothelium. Further, placement of the IOL close
to the natural position of the crystalline lens has particular optical
advantages.

Of the 13 patients that received ISF, CME was observed in one,
IOL subluxation in one, and temporary IOH in one. Ahn et al® per-
formed foldable IOL transscleral fixation on 21 vitrectomized eyes.
The authors observed temporary IOH in one patient and a reopened
macular hole in one. Kaynak et al® used a similar surgical technique
on a series of 20 patients (of whom half were vitrectomized eyes), and
reported suture erosion in two patients and CME in two patients. In
studies in which transscleral fixation was applied with a large incision
in vitrectomized eyes, higher complication rates of 39%-49% were
reported in patients required repeat surgery!>. A disadvantage of
sutures in scleral fixation is the potential development of suture
erosion over time®?), We observed IOL subluxation in one patient
in the present study. In the present study population of 13 cases, we
observed a mean lens-related astigmatism of 1.65 D according to
PVA measurements. There was a trend toward higher values in the
TSF group than in the other groups.

In the second group, we applied the iris fixation technique in
17 patients. As the lens is stabilized parallel to the iris plane during
iris fixation, I0OL-related astigmatism was less in this group (0.91 D).
In aphakic victrectomized eyes, the iris may be mid-dilated and iris
atrophy leading to difficult iris fixation under fluid infusion may be
observed. During the present study, we encountered posterior seg-
ment IOL dislocation in two cases, occurring twice in one case during
the same procedure. Further, it is not always possible to maintain a
round and regular pupil during iris fixation, with an associated risk of
poor dilatation often during the postoperative period. We detected
CME in one patient, secondary glaucoma in one, dense IOH in one,
and retinal detachment in one. Complication rates were comparable
in the present study to similar previous studies®'?. Previous studies
have used iris claw lenses for iris fixation to correct aphakia in vitrec-
tomized eyes®29, While the lack of suture usage was an advantage
in these studies, the requirement of a large incision and anterior
chamber implantation were disadvantages®>?°.

Two major methods of suture-free intrascleral IOL implantation
have been reported in previous literature. In this technique, the
haptics are fixated under scleral flaps using tissue adhesive glue®*??
orinto a narrow scleral tunnel parallel to the limbus">'. Fixation into
the scleral tunnel has advantages, such as removing the requirement
need for an additional tissue adherent or the use of scleral flaps. In the
third group of the present study, we applied the intrascleral tunnel
fixation technique in 30 patients. In contrast to previous studies, the
haptics of the IOL were sutured with polyglactin sutures in order to
achieve better early postoperative fixation in vitrectomized eyes. We
detected ERM in one patient, CME in four, temporary IOH in four,
IOL subluxation/dislocation in three, and retinal detachment in one.
Temporary IOH and postoperative CME were also observed more
frequently in this group. Temporary IOH at 1-3 weeks and CME
at 6 months completely resolved during the study period. These
postoperative complications have also been reported in similar
previously-reported studies(31619),

No significant difference in VA change was observed between
groups in the present study (P=0.79) While there was no difference
in preoperative VA, a statistical difference between postoperative
VA values was observed between groups (P=0.003). In the IF group,
patients had higher VA values. The non-uniform diagnosis of patients
between groups and the reduced sample size may have influenced
postoperative visual outcomes and resulted in the observed differen-
ces between groups.

In conclusion, none of the three surgical techniques were asso-
ciated with superior postoperative results, with no prominence
observed in terms of comparative surgical outcomes. The present
study was limited by a lack of randomization and the time difference
between the three groups. Further controlled studies in larger study
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samples may provide further information regarding the relative effi-
cacy of these techniques.
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ORIGINAL ARTICLE

Bacteriological profile in conjunctival, lacrimal sac, and nasal specimens and
conjunctival normalization time following external, endoscopic, and
transcanalicular multidiode laser dacryocystorhinostomy

Perfil bacteriolégico e tempo de normalizagdo conjuntival de espécimes de conjuntiva, saco lacrimal e
nasais apos dacriocistorrinostomia externa, endoscopica e transcanalicular com laser de multi diodo

MELIKE BaLikogLU-YiLmaz!2, Avse Banu Esen®, Toraa YiLmaz?, Umim Taskin®, MuniTTin TaskapiLi?, M. Faruk OkTtay?, Emine SEN®, Timur Kose®

ABSTRACT

Purpose: To compare the conjunctival, lacrimal sac, and nasal flora cultures
and conjunctival normalization time following external (EX-), endoscopic (EN-),
and transcanalicular multidiode laser (TC-) dacryocystorhinostomy (DCR) and
to evaluate the relationship between culture positivity and surgical success. We
further performed antibiotic sensitivity analyses for lacrimal sac culture samples.

Methods: A total of 90 patients with primary acquired nasolacrimal duct obstruc-
tion were recruited and divided into EX-DCR (n=32), EN-DCR (n=28), and TC-DCR
(n=30) groups. Conjunctival, nasal, and lacrimal sac cultures and antibiograms
were analyzed.

Results: In all three groups, coagulase-negative Staphylococcus (CNS) was predo-
minantly isolated preoperatively from the conjunctiva, nose, and lacrimal sac and
postoperatively from the conjunctiva. Preoperative and postoperative conjunctival
culture positivity rates were similar between all the groups (p>0.05). A statistically
significant difference in the growth rate of culture in the lacrimal sac was observed
between the three groups (p=0.001). CNS and Staphylococcus aureus cultures
were predominantly sensitive to linezolid, teicoplanin, tigecycline, vancomycin,
and mupirocin. Conjunctival normalization times were similar between the three
groups (p>0.05). Anatomical and functional success rates were not found to be
significantly correlated with preoperative conjunctival and lacrimal sac culture
positivity (p>0.05).

Conclusions: Similar rates of preoperative and 1-week postoperative conjunctival
culture positivity were observed in all the groups; a significantly lower bacterial
growth rate was observed in postoperative conjunctival cultures. CNS was the most
commonly isolated organism. Bacterial growth rates in the lacrimal sac samples
were significantly higher in the EN-DCR group. Bacterial growth rates obtained
preoperatively from the conjunctival and lacrimal sac culture samples were not
correlated with DCR success.

Keywords: Conjunctiva; Dacryocystorhinostomy; Nasolacrimal duct; Antibiotic
sensitivity tests; Staphylococcus aureus, Transcanalicular multidiode laser

RESUMO

Objetivo: Comparar a flora conjuntival, do saco lacrimal e nasal com o tempo de
normalizacdo apds dacriocistorrinostomia (DCR) externa (EX-), endoscépica (EN-)
e transcanalicular a laser de multi diodo (TC-) para correlacionar a positividade da
cultura com o sucesso cirdrgico, assim como identificar a sensibilidade aos antibié-
ticos em amostras de saco lacrimal.

Meétodos: Neste estudo prospectivo, 90 pacientes com obstru¢do do canal naso-
lacrimal adquirida primdria foram incluidos e divididos em grupos EX-DCR (n=32),
EN-DCR (n=28) e TC-DCR (n=30). Culturas e antibiogramas conjuntivais, nasais e do
saco lacrimal foram analisados.

Resultados: Staphylococcus coagulase-negativo (CNS) foi o organismo predo-
minante isolado no pré-operatério (conjuntiva e nariz), no transoperatério (saco
lacrimal) e pds-operatdrio (conjuntiva), nos 3 grupos. Taxas de positividade de
cultura da conjuntiva pré- e pds-operatdrias nos trés grupos foram semelhantes
(p>0,05). A diferenca nas taxas de crescimento do saco lacrimal dos trés grupos
foi estatisticamente significativa (p=0,001). CNS e S. aureus foram mais sensiveis a
linezolida, teicoplanina, a tigeciclina, vancomicina e mupirocina. O tempo de nor-
malizagdo conjuntival foi semelhante nos trés grupos (p>0,05). Ndo houve rela¢do
estatisticamente significativa entre as taxas de sucesso anatémicas e funcionais e
a positividade da cultura conjuntival e de saco lacrimal pré-operatéria (p>0,05).

Conclusées: Pacientes submetidos a EX-DCR, EN-DCR, e TC-DCR apresentaram
positividades de cultura conjuntival semelhantes no pré-operatério e na 1¢ semana
pés-operatdria. Houve uma redugdo significativa na taxa de crescimento das culturas
da conjuntiva pés-operatdrias. O organismo mais comumente isolado foi o CNS. A taxa
de crescimento de bactérias a partir do saco lacrimal foi significativamente maior no
grupo PT-DCR. O crescimento bacteriano da conjuntiva no pré-operatdrio e de amos-
tras do saco lacrimal no transoperatério néo se relacionaram com o sucesso da DCR.

Descritores: Conjuntiva; Dacriocistorinostomia; Ducto nasolacrimal; Testes de sen-
sibilidade microbiana,; Lasers semicondutores

INTRODUCTION

Nasolacrimal duct obstruction (NLDO) is a common ophthalmic
presentation and has been reported to represent 3% of clinic visits™.
NLDO is typically treated using either external (EX-) or endoscopic
(EN-) dacryocystorhinostomy (DCR) or using transcanalicular multi-

diode laser (TC-) to create a fistula between the lacrimal sac and nasal
cavity, allowing tear flow. Each type of DCR is associated with specific
advantages and disadvantages®?. The traditional DCR procedure
(EX-DCR) can cause cutaneous scarring, disruption of the medial can-
thus, and excessive intra-operative bleeding. Advantages of EN-DCR
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BACTERIOLOGICAL PROFILE IN CONJUNCTIVAL, LACRIMAL SAC, AND NASAL SPECIMENS AND CONJUNCTIVAL NORMALIZATION TIME FOLLOWING EXTERNAL,
ENDOSCOPIC, AND TRANSCANALICULAR MULTIDIODE LASER DACRYOCYSTORHINOSTOMY

and TC-DCR include the absence of a cutaneous scar and decreased
operative duration. The new TC-DCR has demonstrated safe utility in
elderly patients with systemic diseases*“®.

A unigue combination of stasis and moisture in NLDO may create
an optimal environment for the growth of lacrimal sac flora. Nume-
rous bacterial species have been implicated in chronic dacryocysti-
tis®. Furthermore, the types of isolated pathogens may change over
time1%1, Accurate identification of the pathogens responsible for
chronic dacryocystitis is critical for the selection of appropriate an-
tibiotic agents"'?. Therefore, to the best of our knowledge, we were
the first to compare the three types of DCR with respect to culture
results with a view to select an appropriate antibiotic cover following
each technique. Here we aimed to compare bacterial species preo-
peratively isolated from the involved and contralateral conjunctival
samples and from the involved and contralateral nasal and lacrimal
sac samples together with those isolated from the involved side
conjunctival samples after performing EX-DCR, EN-DCR and TC-DCR
in patients. The present study also aimed to assess the relationship
between culture results and success rates of each DCR type, identify
the bacterial species most commonly responsible for dacryocystitis,
and evaluate corresponding antibiograms of cultured isolates.

METHODS

This prospective, non-randomized, and comparative clinical
study was conducted at the Departments of Ophthalmology and
Otorhinolaryngology of Bagcilar Education and Research Hospital in
Istanbul, Turkey, between February 2011 and December 2012. The
present study was conducted in accordance with the ethical gui-
delines of the Declaration of Helsinki after obtaining approval from
the Institutional Ethics Committee. All patients provided informed
consent.

We included patients with symptoms of epiphora who were diag-
nosed with PANDO upon detection of obstruction on syringing and
probing or on performing antero-posterior and lateral dacryocys-
tography using lipiodol. Exclusion criteria were as follows: previous
nasal or nasolacrimal system surgery; pre-saccal obstruction; ca-
nalolithiasis; lacrimal system tumor; previous trauma to the ocular
and nasal regions; bony deformity; abnormal intranasal anatomy,
including an advanced deviated nasal septum, middle turbinate (MT)
hypertrophy, or concha bullosa; nasal polyps; and previous treatment
with topical or systemic antibiotics a month prior to undergoing DCR.

A total of 90 patients scheduled to undergo primary DCR were
included in the present study. Data regarding clinical outcomes of
this study population were previously reported. Patients were
non-randomly assigned into the EX-DCR (n=32), EN-DCR (n=28),
and TC-DCR (n=30) groups according to the type of DCR requested.
Patients were provided information regarding the EX-DCR, EN-DCR,
and TC-DCR methods. Surgeries were performed in a standardized
manner according to previously published methods"®. EX-DCR and
TC-DCR were performed by three ophthalmic surgeons (M.B.Y, T,
and M.A) who were highly experienced in EX-DCR and moderately
experienced in TC-DCR. EN-DCR was performed by an experienced
otolaryngologist (U.T)).

The techniques used in the present study were as follows:

EX-DCR: A 15-20-mm straight incision was created medial to the
angular vein at the level of the anterior lacrimal crest. The lacrimal
fossa was exposed by blunt dissection of the orbicularis muscle and
opening of the periosteum prior to D-shaped osteotomy to create a
bone window extending from the medial canthal tendon to the pro-
ximal nasolacrimal duct, with the posterior lacrimal crest at the pos-
terior aspect. An H-shaped incision was then created in the lacrimal
sac and nasal mucosa using a surgical blade, and opposing mucosal
flaps were sutured with absorbable 6/0 vicryl. To prevent canalicular
“cheese wiring,” a bicanalicular silicone tube was placed and tied
gently and the skin was sutured with continuous 6/0 polypropylene
to provide good cosmesis.
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EN-DCR:The maxillary fissure on the lateral nasal wall was initially
identified before the creation of a 2 x 1.5-cm mucoperiosteal flap.
The lacrimal bone was then exposed and drilled into with a diamond
burr to expose atleasta 1 x 1-cm area of the sac while protecting the
uncinate process. A lateral nasal wall opening was created through
the MT axilla. The sac medial wall bulged from the new opening upon
the application of pressure over the sac. A vertical incision was then
created in the sac and the medial wall was excised, followed by the
insertion of a bicanalicular silicone tube from both the upper and
lower puncta and tying of the free ends in the nasal cavity.

TC-DCR: We first dilated the superior and inferior puncta, follo-
wed by the insertion of a semirigid 600-um quartz multidiode laser
fiber (Multidiode S30 OFT, INTERmedic Arfran, Madrid, Spain) through
the canaliculus. The fiber was then rotated in an oblique orientation
such that it rested against the medial lacrimal sac wall. Laser pa-
rameters used were as follows: power, 10 W and pulse length, 400
milliseconds, adjusted as necessary with an interval between pulses
of 400 milliseconds. We used a 0°, 4-mm rigid nasal endoscope as
the nasal probe and a periosteal elevator to deviate the MT medially
to provide good exposure for the last procedure. We were also able
to provide protection from the laser probe using this technique. The
red aiming beam of the laser probe was then directed at the lateral
nasal wall and used to create an ostium of adequate size. The laser
was then used to ablate the lacrimal bone and nasal mucosa. This os-
teotomy site was immediately anterior and inferior to the root of the
MT. Osteotomy was widened using the laser prior to the placement
of bicanalicular silicone tubes once the laser probe was withdrawn.

Postoperatively, all patients were prescribed oral antibiotics, an
anti-inflammatory drug, combination antibiotic-steroid eye drops
four times a day for 1 week, and a nasal corticosteroid spray twice
a day after nasal irrigation with 0.9% normal saline for 1 month to
eradicate fibrin clots.

For each patient, conjunctival and nasal (inferior meatus) samples
were obtained preoperatively from both the involved and contra-
lateral sides. Lacrimal sac cultures were obtained directly from the
lacrimal sac during DCR. Antibiograms for cultures from the lacrimal
sac were also evaluated. Patients were re-examined weekly during
the first 2 postoperative months, and subsequently followed up on a
monthly basis. We continued to postoperatively obtain and analyze
conjunctival cultures from the involved side each week until negative
culture results were obtained twice. Silicone tubes were removed at
the 2-month postoperative visit. Anatomical success was defined as
endoscopic endonasal ostium patency and successful nasolacrimal
irrigation without reflux. Functional success was defined as resolution
of epiphora. Conjunctival normalization time was defined as the time
from DCR until the second negative result of conjunctival culture from
the involved side.

CONJUNCTIVAL, LACRIMAL, AND NASAL CULTURE

Preoperative conjunctival and nasal and postoperative conjunc-
tival, culture samples were inoculated onto 5% sheep’s blood, cho-
colate, MacConkey, and Sabouraud dextrose agar media (Premed,
Turkey). Lacrimal sac culture samples were also inoculated on the
same media as well as on anaerobic agar and thioglycolate broth
media during DCR. Both blood and chocolate agars were incubated
at 37°Cin a 5%-10% CO, atmosphere for 24-72 hours. MacConkey
agar was incubated at 37°C in ambient air for 24-72 hours. Sabou-
raud Dextrose agar was incubated at both 25°C and 37°Cfor 21 days.
Anaerobic agar and thioglycolate broth media were incubated at
37°Cunder anaerobic conditions using the GasPak Anaerobe Pouch
System (BD, USA) for 48 hours. Organisms isolated from samples
were examined using Gram’s stain and KOH mount and identified
using the Vitec 2 compact system (bioMerieux, Marcy-I'Etoile, France).
Susceptibility testing of isolated species was performed using the
same system.



STATISTICAL ANALYSIS

IBM SPSS Statistics, version 20.0 software (SPSS Inc. Chicago,
IL, USA) was used for all statistical analyses. Continuous variables
were presented as mean + standard deviation and categorical data
were presented as numbers and percentages. The chi-square (x?)
test or Fisher's exact test was used to compare categorical variables
between the groups. Numerical variables were compared between
the three groups using analysis of variance (one-way ANOVA) or the
Kruskal-Wallis test. The Mann-Whitney U test or Fisher's exact test was
used for pairwise comparisons of variables found to significantly differ
between groups according to the Kruskal-Wallis test. The McNemar
test was used to analyze culture positivity before and after DCR. All
hypothesis controls were applied at a significance level of a=0.05
(p values of <0.05 were considered to be statistically significant).

RESULTS

The present study included 69 (77%) female and 21 (23%) male
patients, with a mean age of 49.8 + 18.9 (range, 4-86) years. EX-DCR,
EN-DCR, and TC-DCR were used in 32, 28, and 30 patients, respecti-
vely. The mean follow-up time was 16.1 + 2.5 (range, 10-20) months.
Descriptive patient characteristics are presented in table 1.

Bacteria isolated from conjunctival, nasal, and lacrimal sac sam-
ples are presented in table 2. Coagulase-negative Staphylococcus
(CNS) was the predominant organism isolated from pre- and post-
operatively obtained first-week conjunctival samples (14.4% for
involved eyes and 12.2% for other eyes preoperatively, and 11.1%
for involved eyes postoperatively) as well as from the preoperative
nasal mucosa (67.8% for both sides) and lacrimal sac samples (22.2%).
Bacteroides fragilis was the only anaerobic bacterial strain isolated
from lacrimal sac samples; that sample was from a single patient in
the EX-DCR group.

EX-, EN- and TC-DCR groups had similar conjunctival culture
positivity rates of 46.9%, 42.9%, and 30%, respectively, at the first
preoperative week and 18.8%, 3.6%, and 13.3%, respectively, at the
first postoperative week (preoperative, p=0.372; and postoperative,
p=0.196;Table 3). Conjunctival culture positivity rates were significan-
tly lower after EX- and EN-DCR (p=0.022 and p=0.001, respectively).
Although there was a trend toward a lower conjunctival culture
positivity rate after TC-DCR, this trend was not statistically significant
(p=0.267). The conjunctival growth rate was 40.0% (36 patients) at
the involved site and 23.3% (21 patients) at the contralateral site, with
a statistically significant difference observed (p=0.004). In contrast,
the nasal growth rate was 98.9% (89 patients) at the involved site
and 97.8% (88 patients) at the contralateral side, with no statistically
significant difference observed (p=1.000).

The lacrimal sac culture growth rate was significantly higher in
the EN-DCR (85.7%) group than in the EX-DCR (40.6%) and TC-DCR
groups (46.7%, p=0.001). Comparison between conjunctival flora and
lacrimal sac flora isolated from the involved side demonstrated a sig-
nificantly higher lacrimal sac growth rate (56.7%, 51 patients) than the

Table 1. Patient characteristics
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conjunctival growth rate (40.0%, 36 patients; p=0.011). Conjunctival
normalization times were similar between the three groups (1.5 + 1.1,
1.0+ 0.2, and 1.2 £ 0.5 weeks for EX-, EN-, and TC-DCR, respectively;
p=0.166; Table 3).

Anatomical and functional success rates were not found to be
associated with preoperative conjunctival and lacrimal sac culture
positivity rates within the three groups and among all patients inclu-
ded in the present study (p>0.05 for all; Table 4).

CNS and Staphylococcus aureus were most sensitive to linezolid,
teicoplanin, tigecycline, vancomycin, and mupirocin (antibiotic sen-
sitivity, 100% for all) (Table 5) and most resistant to penicillin G and
tetracycline (antibiotic resistance, 95.5% and 62.5%, respectively).

DISCUSSION

The microbiological properties of the lacrimal sac in PANDO pa-
tients has been a topic of interest in recent years as the spectrum of
organisms constituting the lacrimal flora appears to have changed
due to many factors""*5 Despite a large number of comparative
studies on DCR, none have previously compared three separate me-
thods in terms of microbiological findings. Accordingly, we believe
that the present study is the first to compare clinico-bacteriological
outcomes between conjunctival, nasal, and lacrimal sac samples
isolated following three types of DCR (EX, EN, and TC).

The pathogens responsible for chronic dacryocystitis are typically
gram-positive bacteria, including CNS, S. aureus, and Streptococci®.
Staphylococci, particularly S. aureus, have now replaced Streptococci
as the most common cause of chronic dacryocystitis following the
discovery of effective antibiotics, such as penicillin and cephalospo-
rins, to which they have demonstrated greater resistance!'®'". Coden
etal"” evaluated culture samples from purulent lacrimal sac contents
in 236 patients with dacryocystitis who were undergoing DCR and
reported that the most common bacteria were S. epidermidis (27.3%)
and S. aureus (22.1%), with a positive culture rate of 52%. Owji et al.!™
studied lacrimal sac cultures from the involved side and conjunctival
cultures from the involved and normal sides of patients with NLDO
and chronic dacryocystitis, and they found that the most frequently
isolated organisms from the lacrimal sac and conjunctiva of the in-
volved side were S. aureus (47.5% and 47.5%, respectively) and S. epi-
dermidis (22.5% and 20%, respectively). On the other hand, the most
frequently isolated organisms from the conjunctiva of the normal
side and from that of the control healthy subjects were S. epidermidis
(60% and 60%, respectively) and S. aureus (47.5% and 30%, respective-
ly)1%). Pradeep et al"® reported that the most common isolates from
lacrimal sac specimens in chronic dacryocystitis cases were CNS and
S.aureus (71% and 14%, respectively). In the present study, the most
commonly isolated organisms from the involved conjunctival side
during the preoperative and first postoperative week, involved nasal
side preoperatively, lacrimal sac preoperatively, and contralateral
conjunctival and nasal sites preoperatively were S. epidermidis (14.4%,
11.1%, 67.8%, 22.2%, 12.2%, and 67.8%, respectively) and S. aureus

EX-DCR (n=32) EN-DCR (n=28) TC-DCR (n=30) Total (n=90) p value
Age (years)* 522+165 468 £209 50.1+£19.8 498 +£189 0.544°
Female: male 26:6 237 69:21 0.669°
Laterality (right: left) 17:15 15:15 46:44 0.961°
Follow-up time (months)* 170+ 2.1 139+ 23 173+ 13 16.1+ 2.5 <0.001¢

EX-DCR= external dacryocystorhinostomy; EN-DCR= endoscopic dacryocystorhinostomy; TC-DCR= transcanalicular dacryocystorhinostomy with mul-

tidiode laser.

*=Values are presented as mean + standard deviation; = One-way ANOVA; °= Chi-square (y?) test; ‘= Kruskal-Wallis test; ‘= p<0.001 compared with the
EX-DCR group, Mann-Whitney U test; °= p<0.001 compared with the TC-DCR group, Mann-Whitney U test.
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Table 2. Results of preoperative conjunctival, nasal, and lacrimal sac cultures as well as of postoperative conjunctival cultures

EX-DCR (n=32) EN-DCR (n=28) TC-DCR (n=30) Total (n=90)
1 C 1 C 1 C 1 C
Preoperative conjunctival culture
No bacteria isolated 17 (53.1) 21 (65.6) 16 ( 57.1) 20 (71.4) 21 ( 70.0) 28(93.3) 54 (60.0) 69 (76.7)
MSSA (3.1 2(63) 1( 36) 3(10.7) 3( 100) 1(33 5(56) 6(67)
MRSA - - 1( 36) 1(3.6) 1( 33) 1(33 2(22) 2(22)
Staph. epidermidis 6(18.8) 7(21.9) 6(214) 4(14.3) 1( 33) - 13(14.4) 11(12.2)
Staph. hominis - 1(31 - - - - - 1(1.0)
Staph. lugdunensis 1(30) - - - - - 1(1.0) -
Staph. haemolyticus - - - - 2( 67) - 2(22) -
Staph. warneri - - 1( 36) - - - 1(1.0) -
Strep. pluranimalium 1(3.1) - - - - - 1(1.1) -
Strep. sanguinis 1(3.1) - - - - - (1.1 -
Strep. pneumoniae - - 2071 - - - 2(22) -
Haemophilus influenzae 1(30) - - - - - 1(1.0) -
Pseudomonas aeruginosa 1(30) - - - - 1(1.0) -
Proteus mirabilis 1(30) 1(30) - - 1( 33 - 2(22) 1(1.1)
Citrobacter koseri 1(3.1) - - - 1( 33 - 2(22) -
Sphingomonas paucimobilis 1(3.1) - - - - 1(1.1) -
Neisseria elongata - - 1( 36) - - - 1(1.) -
Preoperative nasal culture
No bacteria isolated - 1(30) 1( 36) 1(36) - - 1(1.0) 2(22)
MSSA 5(15.6) 7219 8( 28.6) 7(25.0) 4(13.3) 3(10.0) 17 (18.9) 17 (18.9)
MRSA - - - - 3(100) 3(10.0) 3(33) 3(33)
Staph. epidermidis 25(78.1) 23(71.9) 16 ( 57.1) 19 (67.9) 20 ( 66.7) 19 (63.3) 61 (67.8) 61 (67.8)
Staph. hominis 1(3.1) 1(3.1) 1( 3.6) - - - 2(22) 111
Staph. haemolyticus - - 1( 36) - 2( 6.7) 2(67) 3(33) 2(22)
Strep. pneumoniae - - 1( 36) 1(36) - 1(33) 1(1.0) 2(22)
Pseudomonas aeruginosa - - - - 1( 33) 1(33) 1(1.1) 1(1.)
Serratia marcescens - - - - - 1(33) - 1(1.1)
Sphingomonas paucimobilis 1(37) - - - - - T -
Lacrimal sac culture
No bacteria isolated 19 (59.4) - 4( 14.3) - 16 ( 53.3) - 39 (43.3) -
Aerobic bacteria
MSSA 1(3.1) - 6( 214) - 4(133) - 11(12.2) -
MRSA - - 1( 36) - 1( 31) - 2(22) -
Staph. epidermidis 4(12.5) - 11(393) - 5(16.7) - 20(22.2) -
Staph. lugdunensis 1(3.7) - - - - - 1(1.0) -
Staph. haemolyticus - - 1( 3.6) - 1( 3.1) - 2(22) -
Corynebacterium jeikeium - - 1( 36) - - - 1(1.0) -
Strep. pluranimalium 1(3.0) - - - - - 1(1.) -
Strep. mitis 1(3.71) - 1( 3. - - - 2(22) -
Strep. pneumonia - - 1( 36) - - - 1(1.0) -
Strep. pyogenes - - 10 36) - - - 111 -
Haemophilus influenzae 1(30) - - - - - 1(1.0) -
Pseudomonas aeruginosa 1(3.1) - - - 1( 3 - 2(22) -
Serratia marcescens - - - - 1( 3.71) - 1(1.1) -
Citrobacter koseri 1(3.1) - - - 1( 3 - 2(22) -
Sphingomonas paucimobilis 1(3.1) - - - - - 111 -
Kocuria kristinae - - 1( 36 - - - 11
Anaerobic bacteria
Bacteroides fragilis 1(3.1) - - - - - 1(1.1) -
First postoperative week conjunctival culture
No bacteria isolated 26(81.2) - 27 ( 96.4) - 26 ( 86.7) - 79 (87.8) -
Staph. aureus - - - - 1( 33) - 101 -
Staph. epidermidis 6(18.8) - 1( 36) - 3(10.0) - 10(11.1) -
Second postoperative week conjunctival culture*
No bacteria isolated 27 (87.1) - 25(100.0) - 29(96.7) - 81(94.1) -
Staph. aureus - - - - 1( 33) - 1(1.2) -
Staph. epidermidis 3(97) - - - - - 3( 35 -
Staph. hominis 1(32) - - - - - 1012 -
Third postoperative week conjunctival culture*
No bacteria isolated 4 (66.7) - 2(100.0) - 3(100.0) - 9(81.8) -
Staph. epidermidis 2(333) - - - - - 2(182) -
Fourth postoperative week conjunctival culture*
No bacteria isolated 2 (66.7) - - - 1(100.0) - 3(75.0) -
Staph. aureus 1(33.3) - - - - - 1 (25.0) -

Values are presented as number (percentage). I= involved eye; C= contralateral eye; MSSA= methicillin-sensitive Staph. aureus; MRSA= methicillin-resistant Staph. aureus.
*= at the second, third, and fourth postoperative week, conjunctival culture specimens of the involved side were taken from 86, 11, and 4 patients, respectively.
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Table 3. Bacterial growth rate and normalization time according to study group

EX-DCR (n=32) EN-DCR(n=28) TC-DCR(n=30) Total (n=90) p value
Preoperative conjunctival site bacterial growth, n (%)
Involved side 15 ( 46.9) 12 (42.9) 9( 30.0) 36 (40.0) 0.372%
Contralateral side 11( 344) 8(28.6) 2( 6.7) 21(23.3) 0.026%
pvalue 0.004b¢
Preoperative nasal site bacterial growth, n (%)
Involved side 32(100.0) 27 (96.4) 30 (100.0) 89 (98.9) 0.326%
Contralateral side 31(969) 27 (964) 30 (100.0) 88(97.8) 0.596%
p value 1.000°
Intraoperative lacrimal sac bacterial growth, n (%)
Involved side 13 ( 40.6) 24 (85.7) 14 ( 46.7) 51(56.7) 0.0071%
pvalue 0.72759 0.002°9 0.180°¢ 0.01159
First postoperative week conjuntival site bacterial growth, n (%)
Involved side 6( 188) 1(36) 4(133) 11(12.2) 0.196%
pvalue 0.02250 0.0016" 0.267°" <0.0010"
Conjunctival normalization time (weeks, mean + S.D.)
Involved side 147 +1.08 1.04+0.19 117+ 046 123+£0.72 0.166%
Conjunctival flora growth
No growth 1.29 £ 0.85 1.00 + 0.00 124 +0.54 1.19+£0.59
Growth 167 +£1.29 1.08 +0.29 1.00 + 0.00 131+£0.89
pvalue 0.292¢K 0.248* 0.168% 0.659°
Lacrimal sac flora growth
No growth 126 +£0.81 1.00 £ 0.00 1.06 +0.25 1.15+0.59
Growth 1.77 £1.36 1.04 +0.20 129+ 061 129+ 081
p value 0.159 0.683¢* 0.218% 0.264

EX-DCR= external dacryocystorhinostomy; EN-DCR= endoscopic dacryocystorhinostomy; TC-DCR= transcanalicular multidiode laser dacryocystorhinostomy.

°= Chi-square (x?) test; °= McNemar test; = Mann-Whitney U test; ‘= Kruskal-Wallis test; ¢= preoperative flora growth rate in the involved conjunctival side compared with that in the contra-
lateral conjunctival side; = preoperative flora growth rate in the involved nasal side compared with that in the contralateral nasal side; %= aerobic flora growth rate in the lacrimal sac sample
compared with preoperative flora growth rate at the involved conjunctival side; "= preoperative flora growth rate in the involved conjunctival side compared with the flora growth rate in
the involved conjunctival side at the first postoperative week; '= comparison of external, endoscopic, and transcanalicular dacryocystorhinostomy; = comparison of groups without and

with growth based on sterilization week.

(7.8%, 1.1%, 22.29%, 14.4%, 8.9%, and 22.2%, respectively). Anatomical
and functional success rates did not correlate with preoperative con-
junctival and lacrimal sac bacterial growth rates.

Methicillin-resistant S. aureus (MRSA) has been implicated in da-
cryocystitis™?. In a study of dacryocystitis caused by community-
onset MRSA, Kotlus et al?% stated that all their patients were at a risk
of developing community-onset MRSA infections due to a hospital-
acquired strain of MRSA as they had been hospitalized for at least 3
months for chronic or comorbid conditions prior to presenting with
dacryocystitis symptoms. They detected seven patients with acute
or subacute MRSA dacryocystitis between 2001 and 2003?%. In con-
trast, Pradeep et al"® found no MRSA in their series and stated that
the flora of their patients was community acquired and not hospital
acquired as they had been admitted to hospital on the day immedia-
tely prior to surgery. In the present study, only 2 patients (2.2 %) had
dacryocystitis caused by MRSA. Similar to Kotlus et al.??, we believe
obtaining cultures and performing sensitivity testing to determine
whether antibiotic treatment is important for reducing the risk of
exposure to MRSA in patients with dacryocystitis who do not respond
to conservative treatment.

Gram-negative and anaerobic organisms have been reported to
be present in 20%-27% and 7%-16% of patients with dacryocystitis,
respectively17222 and the incidence of these infections appears
to be rising""%. Gram-negative bacteria, including Pseudomonas aeru-
ginosa, Enterobacter, Citrobacter spp., Haemophilus influenzae, and
Escherichia coli, have also been reported as causative agents of da-

cryocystitis'®. Coden et al"” reported P. aeruginosa as the most com-
mon gram-negative organism in dacryocystitis at an incidence rate of
8.7%. Brook et al. assessed the aerobic and anaerobic microbiology of
62 patients with dacryocystitis and reported a pure anaerobic growth
rate of 32%, with Peptostreptococcus spp. and Propionibacterium spp.
being the most frequently isolated species among anaerobes. These
authors obtained specimens intraoperatively and used an anaerobic
transport medium to transport them to the laboratory?®®. Coden et
al"” found an anaerobic organism growth rate of 7.0%, with Pro-
pionibacterium acnes as the most commonly isolated anaerobic
organism. Proteus spp. and B. fragilis have been reported as other
pathogens responsible for dacryocystitis"7#*2)In our series, the
only anaerobic bacteria isolated from the lacrimal sac was B. fragilis
(3.1%), and this patient was in the EX-DCR group. The lower anaerobic
growth rate in the present study may be attributable to difficulty in
ensuring the growth of anaerobes despite lacrimal sac samples being
inoculated preoperatively.

Owiji et al" reported that microorganism growth rates in sam-
ples from the lacrimal sac and involved and contralateral sides
of the conjunctiva in a group of patients with NLDO and chronic
dacryocystitis were 100%, 100%, and 97.5, respectively, while those
in samples from the conjunctiva of healthy subjects was 82.5%. The
same organism was isolated from the lacrimal sac and conjunctiva
of the involved side in 90% of patients. They further reported that
anaerobes, gram-negative bacteria, Corynebacterium, and Strepto-
coccus spp. were isolated slightly more frequently from the involved
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Table 4. Preoperative conjunctival and lacrimal sac bacterial growth according to surgical success.

Preoperative conjunctival bacterial growth, n (%) Lacrimal sac bacterial growth, n (%)
+ - p value + - p value
EX-DCR (n=32)
Anatomical success Successful 13 (86.7) 13 (76.5) 0.659° 11 (84.6) 5( 789) 1.000°
Unsuccessful 2(133) 4(23.5) 2(154) 4(21.1)
Functional success Successful 13 (86.7) 13 (76.5) 0.659° 11 (84.6) 5( 789) 1.000°
Unsuccessful 2(133) 4(235) 2(154) 4(21.0)
EN-DCR (n=28)
Anatomical success Successful 8 (66.7) 13(81.3) 0.418° 17 (70.8) 4(100.0) 0.545°
Unsuccessful 4(33.3) 3(18.8) 7(29.2) -
Functional success Successful 8 (66.7) 12 (75.0) 0.691° 16 (66.7) 4(100.0) 0.295°
Unsuccessful 4(333) 4(25.0) 8(33.3) -
TC-DCR (n=30)
Anatomical success Successful 7(77.8) 16 (76.2) 1.000° 10 (71.4) 13( 81.2) 0.675°
Unsuccessful 2(22.2) 5(23.8) 4(28.6) 3(18.8)
Functional success Successful 6 (66.7) 16 (76.2) 0.666° 9(64.3) 13( 81.0) 0417°
Unsuccessful 3(333) 5(23.8) 5(35.7) 3(200)
Total (n=90)
Anatomical success Successful 28(77.8) 42 (77.8) 1.000° 38 (74.5) 32( 82.1) 0.394¢
Unsuccessful 8(22.2) 12(22.2) 13(25.5) 7(179)
Functional success Successful 27 (75.0) 41(75.9) 0.920° 36 (70.6) 32(82.1) 0.210°
Unsuccessful 9(25.0) 13(24.7) 15(294) 7(179)
EX-DCR= external dacryocystorhinostomy; EN-DCR= endoscopic dacryocystorhinostomy; TC-DCR= transcanalicular multidiode laser dacryocystorhinostomy.
*=values are presented as number (percentage); °= Chi-square (y?) test; °= Fisher's exact test.
Table 5. Sensitive susceptibility testing results for Staphylococcus spp. isolated from the lacrimal sac
Sensitive for CNS Sensitive for S. aureus Sensitive for CNS and S. aureus
n (%) n (%) n (%)
Clindamycin 16/21( 76.2) 11/12( 91.7) 27/33( 81.8)
Erythromycin 11/20 ( 55.0) 12/13( 92.3) 23/33( 69.7)
Fosfomycin 6/7 ( 85.7) 3/3(100.0) 9/10 ( 90.0)
Fucidic acid 6/9 ( 66.7) 5/0( 00.0) 11/14 ( 78.6)
Gentamicin 13/18( 72.2) 1(100.0) 24/29( 82.8)
Levofloxacin 9/12( 75.0) 9/9 (100.0) 18/21( 85.7)
Linezolid 7/7 (100.0) 3/3(100.0) 10/10 (100.0)
Moxifloxacin 3/4( 75.0) 3/3(100.0) 6/7 ( 85.7)
Oxacillin 5/18( 27.8) /11 ( 81.8) 14/29 ( 48.3)
Penicillin G 1/13( 7.7) 0/9( 00) 1/22( 4.5)
Rifampicin 8/13( 61.5) 3/4( 75.0) 11/17 ( 64.7)
Teicoplanin 5/5 (100.0) 3/3(100.0) 8/8 (100.0)
Tetracycline 2/12( 16.7) 4/4(100.0) 6/16 ( 37.5)
Tigecycline 2/2(100.0) 2/2 (100.0) 4/4 (100.0)
Tobramycin 12/18 ( 66.7) 11/11(100.0) 23/29(79.3)
Trimethoprim Sulfamethoxazole 12/17 ( 70.6) 10/10 (100.0) 22/27 ( 81.5)
Vancomycin 6/6 (100.0) 3/3(100.0) 9/9 (100.0)
Mupirocin 12/12(100.0) 6/6 (100.0) 18/18 (100.0)
CNS= coagulase-negative Staphylococcus.
side than the contralateral normal side of the conjunctiva; however, Pradeep et al"® reported the microorganism growth rate from
this difference was not statistically significant, most likely due to the the lacrimal sac, conjunctival, and nasal samples as 48%, 34%, and
small sample size. 70%, respectively. The same authors!'® demonstrated a statistically
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significant similarity between isolates from lacrimal and nasal/con-
junctival samples and stated that the commensal flora of the nose
and conjunctiva may have a direct role in the pathogenesis of chro-
nic dacryocystitis. They obtained culture specimens directly from
the lacrimal sac under an operating microscope and emphasized
the reduced contamination during sample collection associated
with this technique compared to the other methods of collection,
such as applying pressure over the lacrimal sac or waiting for puru-
lent material to exit the lacrimal sac via reflux®. The microorganism
growth rates from lacrimal sac samples, involved and contralateral
side conjunctival and nasal samples obtained preoperatively, and
involved conjunctival samples obtained at first and second postope-
rative week were 56.7%, 40%, 23.3%, 98.9%, 97.8%, 12.2%, and 5.9%,
respectively. All bacterial growth rates were similar between the three
groups, except in culture samples obtained preoperatively from the
lacrimal sac and the contralateral conjunctiva. The culture positivity
rate from the lacrimal sac was significantly higher in the EN-DCR than
in the EX-DCR and TC-DCR groups and was higher than the culture
positivity rate of samples obtained preoperatively from the involved
side conjunctiva for EN-DCR cases and all cases together. The similar
positivity rates for lacrimal sac cultures during EN-DCR and preope-
rative nasal cultures indicate that lacrimal sac samples may become
contaminated with nasal flora while the lacrimal sac sample is being
obtained intranasally. The positivity rate of lacrimal sac culture in
endoscopic DCR may have been high for this reason. After DCR,
conjunctival culture positivity rates were significantly reduced in all
groups except in the TC-DCR group; this result is in close agreement
with previous reported results?®, The most significant reduction in
conjunctival culture positivity after DCR was observed in the EN-DCR
group. Although not statistically significant, a reduction was also ob-
served in the TC-DCR group. This reduction may be associated with
the use of topical and oral antibiotics prescribed to patients during
the first postoperative week and with the elimination of the infection
source (lacrimal sac) via lacrimal surgery.

In a study on 40 consecutive adult NLDO patients by Owji et
al™, the mean conjunctival normalization time after EX-DCR was
4.5 (range, 3-8) weeks. While the authors reported significant as-
sociations among normalization times, type of organism isolated
from the lacrimal sac (particularly anaerobes and Streptococcus), a
colony count of >10° and presence of a silicone tube, they found
no relationship between normalization times and the presence or
duration of epiphora or the presence of previous attacks of acute
dacryocystitis'®. Furthermore, Owji et gl stated that the delay
period should be at least 4 weeks after DCR as the conjunctival flora
normalized after 4 weeks in 67.5% of their patients. In another study
by Eshraghi et al?® on the conjunctival flora and changes following
EX-DCR, the mean normalization time was reported as 3.8 (range,
1-7) weeks in 38 patients with purulent regurgitation, 2.6 (range, 1-5)
weeks in 33 patients without purulent regurgitation, and 3.3 weeks in
all 71 patients. The authors reported significant associations among
normalization times, pathogenic bacterial growth, higher colony
counts, presence of a silicone tube, and purulent regurgitation®®.
The most common organism to grow in the conjunctival cultures in
patients with and without purulent regurgitation was S. epidermidis
(26.3% and 42.4%, respectively)?®. Eshraghi et al.*® also suggested
that cataract surgery can be performed 7 weeks after DCR as conjunc-
tival cultures were negative by this time in their series. The authors in
both studies defined conjunctival normalization time as the interval
between undergoing DCR and obtaining a negative culture result
or as the time to achieve a colony count below that of the normal
sidel™>% The mean conjunctival normalization time was 1.47 (range,
1-5) weeks for EX-DCR, 1.04 weeks for EN-DCR (range, 1-2), and 1.17
(range, 1-3) weeks for TC-DCR in the present study. These results in-
dicate that intraocular surgery may be scheduled after waiting for a
conjunctival normalization time of approximately 5 weeks following
DCR due to the risk of endophthalmitis. Furthermore, we observed
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no significant association between mean conjunctival normalization
times and type of surgery. However, we defined conjunctival norma-
lization time, which differs from the definitions for the same in the
two above-mentioned studies‘2.

Pinar-Sueiro et al. reviewed the clinical records of 697 patients
who had undergone EX-DCR and found S. aureus to be most sensitive
to gentamicin, co-trimoxazole, rifampicin, clindamycin, vancomycin,
tobramycin, mupirocin, cefuroxime-axetil, chloramphenicol, tetra-
cycline, fusidic acid, and cefalotin (100% sensitivity to all), while pe-
nicillin demonstrated the worst activity against S. aureus with 83.3%
resistance”. In a study by Pradeep et al'®, antibiogram results de-
monstrated that Staphylococci represented the majority of cultured
organisms (85%), and the most effective antibiotics against it were
vancomycin, amikacin, third-generation cephalosporins, and amo-
xyclav (100%, 89%, 83%, and 78% sensitivity, respectively). Penicillin
(72% resistance) and erythromycin (75% resistance) were the least
effective antibiotics. The authors""® suggested that amoxyclav and
third-generation cephalosporins should be used to treat chronic da-
cryocystitis, while vancomycin and amikacin should be preferred in
severe cases as they can be administered parenterally. Kotlus et al.*?
reported that tetracycline, trimethoprim/sulfamethoxazole, and van-
comycin were the most effective antibiotics against MRSA dacryocys-
titis. In the present study, CNS and S. aureus, the most commonly
isolated (36.7%) microorganisms from the lacrimal sac, demonstrated
the highest sensitivity to linezolid, teicoplanin, tigecycline, vancomy-
cin, and mupirocin (antibiotic sensitivity rates of 100% for all).

The following are the strengths of the present study: prospective
design; first report to compare the culture results of EX-DCR, EN-DCR,
and TC-DCR; long follow-up period; assessment of the postopera-
tive microorganism growth rate; inclusion of anaerobic cultures of
lacrimal samples; and evaluation of the antibiotic susceptibility of
microorganisms isolated from the lacrimal sac. The present study
also had a few limitations. We were unable to evaluate fungal patho-
gens and patients could not be randomized, which may be seen as
a limitation; however, patient preference was considered a priority in
the present study.

In conclusion, PANDO patients had similar conjunctival flora
preoperatively and during the first week after undergoing EX-, EN-,
and TC-DCR. A decrease in the growth rate of conjunctival cultures
was observed after EX- and EN-DCR, but not after TC-DCR. CNS was
the predominant organism isolated from pre- and post-operative
conjunctival, pre-operative nasal, and per-operative lacrimal sac sam-
plesin all groups. The most significant bacterial growth in the culture
sample from the lacrimal sac was observed in the EN-DCR group. Bac-
terial growth in pre-operative conjunctiva and pre-operative lacrimal
sac samples was not associated with the success rate of DCR. Mean
conjunctival normalization times were similar between the three
groups at 1.47 weeks for EX-DCR, 1.04 weeks for EN-DCR, and 1.17
weeks for TC-DCR. It is necessary to wait for approximately 5 weeks
for conjunctival normalization after DCR before planning intraocular
surgery due to the risk of endophthalmitis. Greater understanding of
the association between lacrimal flora and lacrimal surgery outcomes
may facilitate the development of new strategies in treating PANDO.
Further studies on the clinico-bacteriological outcomes of different
surgical techniques in larger study samples are therefore required.
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ORIGINAL ARTICLE

Comparative study on optical performance and visual outcomes
between two diffractive multifocal lenses: AMO Tecnis® ZMB00 and

AcrySof® 1Q ReSTOR® Multifocal I0OL SN6AD1

Estudo comparativo de desempenho éptico e resultado visual entre duas lentes multifocais difrativas:

Tecnis ZMBO00 e AcrySof SN6AD1

Mario AugusTto PereiRA Dias CHaves! 2, WiLson TakasHl Hipal, Patrick FRenzeL TzeLiks®, MicHELLE RobriGUEs GONCALVES?, FERNANDO DE BorToLl NOGUEIRA!,
CeLso TakasHI Nakano*, ANTONIO FrRaNCISCO PIMENTA MoTTA®, ANDRE GusTAvo RoLim DE ArRAUJO!, MiLTON Ruiz ALves®

ABSTRACT

Purpose:To compare the optical performance and visual outcomes between two
diffractive multifocal lenses: AMO Tecnis® ZMB0O and AcrySof® ReSTOR® SN6AD1.
Methods: This prospective, non-randomized comparative study included the
assessment of 74 eyes in 37 patients referred for cataract surgery and candidates
formultifocalintraocularlens implants. Exclusion criteriaincluded existence of any
other eye disease, previous eye surgery, high axial myopia, preoperative corneal
astigmatism of >1.00 cylindrical diopter (D), and intraoperative or postoperative
complications. Ophthalmological evaluation included the measurement of un-
corrected distance visual acuity (UDVA), corrected distance visual acuity (CDVA),
distance-corrected near visual acuity (DCNVA), and distance-corrected interme-
diate visual acuity (DCIVA), with analysis of contrast sensitivity (CS), wavefront,
and visual defocus curve.

Results: Postoperative UDVAwas 0.09and 0.08 logMAR in the SN6AD T and ZMB0O
groups, respectively (p=0.868); postoperative CDVAwas 0.04 and 0.02 logMAR inthe
SN6AD1T and ZMB0O groups, respectively (p=0.68); DCIVAwas 0.17 and 0.54 logMAR
in the SN6AD1 and ZMBOO groups, respectively (p=0.000); and DCNVA was 0.04
and 0.09logMARinthe SN6ADT and ZMBOO groups, respectively (p=0.001).In both
cases, there was an improvement in the spherical equivalent and UDVA (p<0.05).
Under photopic conditions, the SN6AD1 group had better CS at low frequencies
without glare (p=0.04); however, the ZMB0O group achieved better sensitivity at
high frequencies with glare (p=0.003). The SN6AD1 and ZMBOO lenses exhibited
similar behavior for intermediate vision, according to the defocus curve; however,
the ZMBO0O group showed a shorter reading distance than the SN6AD1 group.There
were no significant differences regarding aberrometry between the two groups.
Conclusion: Both lenses promoted better quality of vision for both long and short
distances and exhibited a similar behavior for intermediate vision. The SN6AD1
and ZMBO0O0 groups showed better results for CS under photopic conditions at low
and high spatial frequencies, respectively.

Keywords: Lenses, intraocular; Contrast sensitivity; Aberrometry; Visual acuity

RESUMO

Objetivo: Comparar o desempenho dptico e resultado visual entre duas lentes mul-
tifocais difrativas: AMO Tecnis® ZMBOO e AcrySof® ReSTOR® SN6AD].

Métodos: O estudo prospectivo, comparativo ndo randomizado incluiu avaliagGo
de 74 olhos em 37 pacientes com indicacdo de facectomia e candidatos a implante
de lente multifocal. Critérios de exclusdo foram: presen¢a de outras doengas oculares;
cirurgia ocular prévia; alta miopia axial; astigmatismo cornenano maior que 1,00 D
cilindrica; complicagées intraoperatdrias ou pos-operatdrias. A avaliagdo oftalmo-
I8gica contou com medida da acuidade visual para longe corrigida (CDVA) e ndo
corrigida (UDVA), intermedidria (DCIVA) e curta distancia (DCNVA) com melhor
corre¢do dptica para longe; teste de sensibilidade ao contraste; andlise de frente de
onda e curva visual de Defocus.

Resultados: A UDVA foi de 0,09 logMAR para o grupo SN6ADT e 0,08 logMAR
para o grupo ZMB0O; com corre¢do foi de 0,04 logMAR para SN6ADT e 0,02 para
0 grupo ZMBO0O (p>0,05). O grupo SN6ADT obteve valor de 0,04 logMAR e o grupo
ZMBO0O0 de 0,09 logMAR para DCNVA (p<0,05) e DCIVA de 0,17 logMAR para SN6AD1
e 0,54 logMAR para ZMBOO (p=0,000). Houve melhora do equivalente esférico e da
UDVA em ambos os grupos (p<0,05). Em condicbes fotdpicas, o grupo SN6AD1
teve melhor sensibilidade ao contraste em baixas frequéncias sem ofuscamento
(p<0,05), contudo grupo ZMBOO obteve melhor sensibilidade em altas frequéncias
(p<0,05) com ofuscamento. As lentes SN6AD1 e ZMBOO obtiveram comportamento
semelhantes para visdo intermedidria na curva de Defocus, porém, o grupo ZMB0O
mostrou menor distancia de leitura que o grupo SN6ADT. Néo houve diferenca com
significancia estatistica relacionada a aberrometria na comparacéo dos dois grupos.
Concluséo: As duas lentes promoveram melhor qualidade de visGo para longe e
perto e comportamento semelhante para visdo intermedidria. O grupo ZMB0O exibiu
melhores resultados para sensibilidade ao contraste em condicées fotépicas em alta
frequéncia espacial e SN6AD1 em baixa frequéncia espacial.

Descritores: Lentes intraoculares; Sensibilidades de contraste; Aberrometria; Acui-
dade visual

INTRODUCTION

Cataract surgery is the most common surgical procedure perfor-
med worldwide and has become increasingly reliable and reprodu-
cible since the addition of phacoemulsification. Only in the United
States, two million procedures are annually performed due to an

increase in early diagnoses and demands of patients who wish to
maintain productivity and daily activities".

Multifocal intraocular lenses (IOLs) were introduced in the early
1980s and offer the benefit of promoting both near and distance vi-
sion simultaneously®®. However, after 30 years, adverse phenomena
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remain challenging, requiring careful patient selection since some pa-
tients could experience less clarity, decrease in contrast, and photopic
phenomena when two images are overlapped*”. Moreover, the same
optical quality cannot be expected as with a monofocal lens®9.

Several types of materials and technologies have been employed
in designing I0Ls, with refractive, diffractive, and hybrid models
being the most widely used by surgeons. Moreover, asphericity was
introduced as a means to compensate positive corneal spherical
aberration®?, The addition promoted by the lens, whether it is +2.5
diopters (D), +3.0 D, or +4.0 D, influences the best reading distance
and depth of focus. These different compositions culminate in dis-
tinctly different optical aberrometric behaviors®™0.

In this study, we compared visual parameters, optical performan-
ce, contrast sensitivity (CS), and wavefront analysis results between
two different types of multifocal lenses currently available in the market:
AcrySof® |Q ReSTOR® Multifocal IOL SN6AD1 (Alcon Laboratories, Inc,,
Irvine, CA, USA) and AMO Tecnis® ZMB00 (Abbott Medical Optics,
Santa Ana, CA, USA).

The AcrySof® 1Q ReSTOR® Multifocal 10L SN6AD1T is a single
piece lens composed of foldable hydrophobic acrylic, aspheric,
adding a negative aberration of -0.20 um to the human eye. With
a refractive-diffractive hybrid design and apodized diffractive ante-
rior surface, it shows a better near-distance visual acuity for smaller
pupils and better long-distance visual acuity for larger pupils"'2. It
has a 3.6-mm diffractive optic zone, consisting of nine concentric rings
that decrease from the center to the periphery (apodization), with a
central ring of 0.856 mm and provides bifocality with a addition of 3 D,
thus corresponding to 2.4 D in the lens plane®'?,

The AMO Tecnis® ZMBOO lens is an evolution of the ZM900 IOL,
which is constructed of a single piece of foldable hydrophobic acrylic
material, with a diffractive posterior surface and aspheric anterior
surface crafted to add a negative spherical aberration of -0.27 um. It
has 32 concentric rings, with a central ring of 1 mm and promotes
an addition of 4 D, thus corresponding to 3.2 D in the lens plane,
regardless of pupil size®'".

METHODS

This study was conducted in accordance with the ethical standards
of clinical and surgical research and was approved by the ethics
committee for Analysis of Research Projects (CAPPesq) of the Medical
Staff of the Hospital Oftalmoldgico de Brasilia and the Hospital das
Forcas Armadas, Brasilia, Brazil. This prospective, non-randomized,
comparative study included 74 eyes of 37 patients, selected from a
list of cataract outpatients of the Hospital Oftalmoldgico de Brasilia,
who underwent cataract extraction with IOL implant between January
2011 and July 2013.

All surgeries were performed by the same surgeon (W.T.H.). The
main incision was made in the steepest corneal meridian in three
planes to encourage self-sealing. Continuous circular capsulorhexis
and hydrodissection were performed and followed by viscoelastic
soft-shell technique®. Phacoemulsification was followed by irriga-
tion and aspiration of the lenticular cortex and was concluded with
implantation of one of the following lenses into the capsular bag:
AcrySof® IQ ReSTOR® Multifocal IOL SN6ADT or AMO Tecnis® ZMBOO.

The inclusion criteria were (1) presence of a senile bilateral cata-
ract, (2) interest in multifocal lens implant, (3) corneal astigmatism of
<1.00 cylindrical diopter in both eyes, (4) pupil diameter of >3.0 mm
under mesopic conditions, and (5) none of the following exclusionary
factors: (a) existence of any other eye pathology or neuropathy that
could decrease visual acuity, (b) CS or visual field sensitivity, (c) high
axial myopia, (d) preoperative or postoperative complications, (e)
concerns regarding an IOL implant inside the capsular bag, or (f) IOL
decentration of >0.5 mm, as measured with a slit lamp.

We considered working and reading habits when choosing the
lens for implantation. Patients with habits that demanded better
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intermediate vision were included in the IOL implantation group
that aimed to achieve an addition of +3 D (SN6AD1). The remaining
patients were included in the IOL group that aimed to achieve an
addition of +4 D (ZMB00).

All patients underwent a complete ophthalmological evaluation
on all visits, before and after surgery. Data from the 180-day visit of all
patients were used for comparative analysis. Acuity of short-distance
vision (33 cm) with and without refraction correction was measured
using the reading table model of the Early Treatment Diabetic Reti-
nopathy Study chart (ETDRS; Precision Vision, Ltd., Aurora, CO, USA).
The same procedure was performed to test long-distance vision (4
m), although the chart was backlit to 100% contrast. All values were
calculated according to the logMAR rating scale™.

|OL dioptric power was calculated according to the optical inter-
ferometry technique using the IOLMaster® 500 Optical Biometer
(Carl Zeiss, Jena, Germany), which sought emmetropia or the first po-
sitive value calculated by the following three formulas: Hoffer-Q for
axial lengths of <22 mm, Holladay between 22 and 24.50 mm, and
Sanders-Retzlaff-Kraff/T for axial lengths of >24.50 mm%.

The postoperative scheme of medication (eye drops) was similar
for all patients. The evaluation included the testing of monocular CS
under photopic (with and without glare) and mesopic conditions
using the Optec® 6500P Vision Screener (Stereo Optical Company,
Inc., Chicago, IL USA) with spatial frequencies ranging between 1.5
and 18 cycles/degree and using the Functional Acuity Contrast Test
chart provided by the manufacturer, which consists of columns that
grow at different rates of 0.15 log units, which are then converted into
base 10 logarithmic units for statistical analysis'>29,

The same assessment was analyzed across the wavefront func-
tion, and the monocular optical aberrations were gathered using an
OPD-Scan Il aberrometer (Nidek Co., Ltd., Gamagori, Japan). Unlike
other studies, we sought to evaluate aberrometry under conditions
of mesopic pupil in an attempt to detect the manifestation of wa-
vefront function under physiological conditions without the use of
pharmacological mydriasis®. The following variables were collected:
(1) total aberration, (2) high-order spherical aberration, (3) tilt, (4)
coma, and (5) Strehl ratio®?. Finally, the visual monocular defocus
curve was evaluated in long-distance visual acuity, corrected using
the same ETDRS chart at a distance of 4 m, at intervals of 0.50 spherical
diopters from -5.00 to +2.50 D",

Significance was tested using the Tukey, Wilcoxon, Kruskal-Wallis,
ANOVA, and chi-square tests by adjusting to a level of significance of
5% (p<0.05) and using SPSS for Windows statistical analysis software
(IBM-SPSS, Inc., Chicago, IL, USA).

RESULTS

The study involved the participation of 37 subjects, 22 women
(59.5%) and 15 men (40.5%), and a total of 74 eyes. There was homo-
geneity in the group distribution of lenses regarding to gender, age,
axial length of the eye, and chosen diopter, as shown in table 1. The
average preoperative spherical equivalence (SE) of all subjects was
1.58 D, and there was no relevant statistical difference between the
groups (Table 1).

Preoperative uncorrected distance visual acuity (UDVA) was
better in the SN6AD1 group than in the ZMB0O group (0.62 vs. 0.50
logMAR, p=0.058), although this difference was not statistically signifi-
cant (Table 1). There were no statistically significant differences in pos-
toperative data of SE, UDVA, or corrected long-distance visual acuity
(CDVA) between the groups (Table 1).

There was a statistically significant difference in pre- and pos-
toperative SE and in pre- and postoperative UDVA between groups
(Table 1).

Considering short-distance vision, there was a significant diffe-
rence in the average short-distance visual acuity, as analyzed with
correction for long-distance (DCNVA) between the SN6AD1 and
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Table 1. Descriptive measures for age, implanted IOL refractive power (Diopters), axial length, preoperative spherical equivalent, preoperative and

postoperative visual acuities for SN6AD1 and ZMBOO lenses

95% Confidence interval for mean

p-value between groups

N Mean Std.dev Std.error Lowerbound Upper bound Min Max Student’st-test Mann-Whitney U test

Age SN6AD1 34 62.12 548 0.94 60.21 64.03 5100 72.00 0.184 0.170
ZMB00 40 63.85 559 0.88 62.06 65.64 5300  76.00

Diopters SN6AD1 34 2226 3.20 0.55 21.15 23.38 1750  31.00 0.969 0.521
ZMBO00 40 2224 282 045 21.34 23.14 1400  27.00

AL SN6AD1 34 23.16 1.00 0.17 22.81 23.51 2060 2475 0.197 0.533
ZMB00 40 2347 1.06 0.17 2313 23.81 2208 2594

preSE SN6AD1 34 1.82 1.66 0.28 1.24 240 -1.00 7.00 0.262 0.929
ZMB00 40 1.35 1.90 0.30 0.74 1.96 -4.00 4.00

preUDVA SN6AD1 34 0.26 0.45 0.08 0.1 042 0.00 1.00 0.058 0.081
ZMBO00 40 0.50 0.60 0.09 0.31 0.69 0.00 2.00

postSE SN6AD1 34 -0.05 0.37 0,06 -0.18 0.08 -1.00 1.00 0.640 0.525
ZMB00O 40 -0.02 0.28 0,04 -0.11 0.07 -0.50 0.75

postUDVA SN6AD1 34 0.09 0.09 0.02 0.06 013 0.00 0.40 0.601 0.677
ZMB00 40 0.08 0.09 0.01 0.05 0.1 0.00 0.30

postCDVA SN6AD1 34 0.04 0.05 0.01 0.02 0.06 0.00 0.18 0.056 0.076
ZMBO00 40 0.02 0.04 0.01 0.01 0.03 0.00 0.10

postDCNVA  SN6AD1 34 0.04 0.07 0.01 0.01 0.06 0.00 0.18 0.009 0.000
ZMB00O 40 0.09 0.09 0.01 0.06 0.1 0.00 0.30

postDCIVA SN6AD1 34 0.17 013 0.02 0.12 0.20 0.00 0.40 0.000 0.006
ZMB00 40 0.54 013 0.02 0.50 0.60 0.20 0.80

AL= axial length; preSE= preoperative spherical equivalent; preUDVA= preoperative uncorrected distance visual acuity; postSE= postoperative spherical equivalent; postUDVA= posto-
perative uncorrected distance visual acuity; postCDVA= postoperative corrected distance visual acuity; postDCNVA= postoperative distance-corrected near visual acuity postoperative;

postDCIVA= postoperative distance-corrected intermediate visual acuity.

ZMBOO0 groups (0.04 vs.0.09 logMAR, p=0.009), and in intermediate vi-
sion (0.17 vs.0.54 logMAR, p=0.000) (Table 1 and Figure 1). Preoperative
and postoperative spherical equivalent (SE) results are demonstrated
in figure 2.

None of the patients required any type of short- or long-distance
correction in their everyday life following surgery.

CS under photopic conditions without glare was better at a low
frequency (1.5 cpd) for the SN6AD1 lens (p=0.039) and at a high
frequency (18 cpd) for the ZMBOO lens (p=0.62). Under photopic
conditions with glare, the ZMBOO lens performed better at high
frequencies (18 cpd) with p = 0.003. Under mesopic conditions, the
lenses exhibited similar behavior (p>0.05) (Figures 3,4, and 5).

Regarding defocus curve, there was a difference in almost all
of the distances assessed between lenses (converted into diopters,
p<0.001). The ZMBOO lens showed peaks close to -3.0 D (33 cm) and
0.0 D, with an average visual acuity of 0.09 and 0.02 logMAR, respec-
tively. The line corresponds to the SN6AD1 lens and showed peaks at
-2.5 D (40 cm) and 0.0 D, with visual acuity of 0.06 and 0.02 logMAR,
respectively. Regarding intermediate deflection vision, both occurred
at-1.5 D (66 cm), with a visual acuity of 0.28 and 0.29 logMAR, respec-
tively, but with no statistically significant difference from this point
(p=0.68) to -2.5 D (40 cm) (p=0.12) (Figure 6).

Wavefront analysis demonstrated that, in absolute values, the
ZMBOO lens showed better results in the decomposition of the
wavefront function; however, there was no statistically significant
difference between groups (p>0.05) (Table 2).

DISCUSSION

The analysis of groups distribution demonstrates homogeneity
and enables comparisons between groups, indicating its suitability
for comparison to other publications”192124,

As demonstrated in other studies, the good quality of distance
and near vision was attested through both types of lenses, regardless
of which addition had been used. The improvement in UDVA, in
addition to the excellent individual results, for both long and short
distance confirmed the efficacy of the treatment and provided inde-
pendence from glasses2612131721:2325 Sych inference is particularly
evident when considering postoperative SE.

Analysis of DCNVA highlighted advantages of the SN6AD1 lens
(p<0.05). However, when converting the Jaeger table visual scale to
logMAR, values that transcend the understanding of the different vi-
sual levels for short distances may appear. Given that J1 corresponds
to 0.00 logMAR and at the level immediately below, J2 corresponds
t0 0.1 logMAR, both groups presented average DCNVA level at J1 and
better than J217.

Considering CS under photopic conditions, the ZMBOO lens sho-
wed better results at high spatial frequencies (p<0.05). Low spatial
frequencies are associated with the perception of motion (magno-
cellular pathway), whereas high frequencies are associated with the
perception of detail (parvocellular pathway)®®. Hida et al. compared
the SN60D3 IOL to the ZM900 IOL and found similar results applicable
to this study since SN6AD1 and ZMBQO lenses are the evolution of the
SN60D3 and ZM900 I0Ls™. Cillino et al. compared the visual CSs of
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SN6AD1, SN6AD3, and ZMAOO lenses and found no statistical diffe-
rence among the three groups. However, the study was performed
using the Pelli-Robson method to evaluate CS, which has a greater
chance of being influenced by the environment, unlike the automa-
ted method"". Afonso et al. found similar values for the SN6AD1 lens,
as did de Vries et al. for average values at high frequencies (1.13 at 12 cpd
and 0.65 at 18 cpd)@'2.
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Figure 1. Preoperative long-distance visual acuity without (UDVA) correction, versus
post-operative UDVA versus postoperative visual acuity for long-distance with (CDVA)
correction for SN6AD1 and ZMBOO lenses.
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Figure 3. Comparison for the SN6AD1 and ZMBO0O lenses with respect to the photopic
situation without glare.
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The differences in Mesopic CS were not significant when com-
paring the two groups at any spatial frequency. This finding was
consistent with those in other publications'2322,

It must be considered that under photopic and mesopic condi-
tions, the two groups showed averages below their corresponding
monofocal IOLs peers, as described in other studies. Considering CS,
ZA9003 I0L has been considered better than the ZMAOO IOL102223),
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Figure 4. Comparison for the SN6AD1 lenses and the ZMB00, with respect to the pho-
topic with glare situation.
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Table 2. Comparison of wavefront function analysis between SN6AD1
and ZMB0O

SN6AD1 ZMBOO p-value
Mean Mean  Student’sttest Mann-Whitney U test
Total 0.775 0.742 0.784 0.793
Tilt 0.338 0.288 0.554 0.734
HOA 0.408 0.328 0.231 0.156
Coma 0.161 0.149 0.785 0422
Sph 0.105 0.077 0.400 0.107
Strehl ratio 0.048 0.052 0.663 0459

HOA= high order aberrations; Sph= spherical aberration.

Nakano et al. and Vingolo et al. concluded the same by comparing
SN6OWF and SAG0AT IOLs with SN60D3 and ZM900 IOLs?"?®, This
phenomenon could be explained through the analysis of the con-
cept of multifocality promoted by these kind of lenses by splitting
light energy into two foci and overlapping near and far images.

Afonso et al. correlated greater pupil diameters to better CS at
all frequencies under photopic and mesopic conditions®?. This idea
seems plausible because a larger amount of light enters the optical
system, which is proportional to the increase in pupil diameter. In our
study, we did not perform analysis of any such correlation.

Considering visual defocus curve, it was clear that both groups
reached two peaks of improved visual acuity corresponding to near
and far distances. Considering near vision, significantly better vision
was found close to 33 cm with the ZMBO0O lens than with the SN6AD1
at this point, although the SN6AD1 lens demonstrated greater near
vision at a 40-cm reading distance, but with no statistical significance
when compared with the ZMB0O lens at this focus point. This is a
different result from what was found at the near visual acuity test and
may be related to pupillary function that improves the near visual
acuity for refractive-diffractive hybrid design lenses.

When assessing intermediate vision of 66 cm, the two groups
showed similar low performances when compared with the peak
curve points of better vision. Schmickler et al. reached similar values
when individually assessing the ZMBOO lens®. Similarly, Afonso et al,,
de Vries et al,, and Petermeier et al. depicted the same defocus curve
pattern for the SN6AD1 lens®'>2,

Nevertheless, analysis of the two IOL defocus patterns suggests
that there should be a relative permanence of the curve near the
better vision peaks, which indicates a reasonable depth of focus
around these two top focal points. To be more specific, the reading
distance might not be confined only to certain near distance, and it
would have an amplitude of approximately 12 cm in diameter around
the best near focal point. Although it seems little, it may make a
difference for better adaptation of patients with more intermediate
visual habits.

Regarding the results of aberrometry, both lenses were successful
in decreasing corneal positive spherical aberration. However, self-criticism
is necessary to evaluate the method employed. Because a multifocal
lens simultaneously generates two distinct wavefronts, it may be
difficult to achieve separate and accurate measurements with a parti-
cular device. Nevertheless, it is understood that the same difficulty in
measurement was imposed upon both groups, making comparisons
reasonable. Hida et al. compared the ZM900 and SN60D3 lenses and
found similar aberrometric results, as did Nakano et al."%?”. Moreno et
al. evaluated a system for analyzing the wavefront of a double-passage
Optical Quality Analysis System (Visiometrics, S.L., Cerdanyola, BCN,
Spain) that could differentiate the two wavefronts and thereby assess
the optical quality more accurately for better differentiation®®.

CHAVES MAPD, ET AL.

It is important to emphasize the Strehl ratio variable. This value
corresponds to the ratio between the peak of the measured point
spread function (PSF) and a PSF peak in an aberration-free optical
system. Values range from 0 to 1, where 1 represents an ideal optical
system. The value usually decreases as the pupil increases, expanding
the influence of optical aberrations that compromise quality. Larger
or smaller values for similar pupil conditions correspond to better
or worse visual quality®. Our results suggested equivalence between
the two lenses. Artigas et al, compared the SN60D3 and ZM900 lenses
and suggested better results for the SN60D3 lens, using an artificial
eye as model©?,

In conclusion, the two lenses were effective in enabling better
vision for both long and short distances, although neither exhibited
excellent visual acuity on intermediate vision, despite this equivalence.
Both groups had a reasonable range of focus around the two best
focus points (near and far). The ZMBOO lens recorded better results
in CS under photopic conditions at high frequencies, although both
lenses demonstrated inferior results when compared to their mono-
focal peers described in past publications. The ZMBOO and SN6AD1
lenses are equivalent with regards to wavefront function, although
more studies are needed to better assess aberrometry.
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ORIGINAL ARTICLE

Evaluation of anterior segment parameters in patients with
pseudoexfoliation syndrome using Scheimpflug imaging

Avaliagdo de parametros do segmento anterior por imagem Scheimpflug em pacientes

com sindrome de pseudoexfoliacio

AuUME GUNES!, Musa YiaIT!, Levent Tok!, OzLEm Tok!

ABSTRACT

Purpose: To evaluate anterior segment parameters in patients with pseudoexfo-
liation syndrome (PXS) using Scheimpflug imaging.

Methods: Forty-three PXS patients and 43 healthy control subjects were included
inthis cross-sectional study. All participants underwenta detailed ophthalmologic
examination. Anterior segment parameters were measured using a Scheimpflug
system.

Results: Considering the PXS and control groups, the mean corneal thicknesses
at the apex point (536 + 31 and 560 + 31 um, respectively, p=0.001), at the center
of the pupil (534 + 31 and 558 + 33 um, respectively, p=0.001), and at the thinnest
point (528 + 30 and 546 + 27 um, respectively, p=0.005) were significantly thinner
in PXS patients. Visual acuity was significantly lower (0.52 + 0.37 versus 0.88 +
0.23, p<0.001) and axial length was significantly longer (23.9 + 0.70 mm versus
23.2 £ 0.90 mm, p=0.001) in the PXS eyes than in the control eyes. There were
no statistically significant differences in the mean values of keratometry, anterior
chamber angle, anterior chamber depth, corneal volume, and anterior chamber
volume between the PXS and control eyes.

Conclusions: The patients with PXS had thinner corneas, worse visual acuity, and
longer axial length compared with those in the healthy controls.

Keywords: Anterior eye segment; Exfoliation syndrome; Corneal topography; Cornea/
anatomy and histology; Visual acuity

RESUMO

Objetivo: Avaliar os parametros do segmento anterior em pacientes com sindrome
de pseudoexfoliacao (PXS) utilizando imagens de Scheimpflug.

Métodos: Quarenta e trés pacientes com PXS e 43 individuos sauddveis foram in-
cluidos neste estudo transversal. Todos os participantes foram submetidos ao exame
oftalmoldgico detalhado. Parametros do segmento anterior foram medidos por
sistema de Scheimpflug.

Resultados: Considerando os grupos PXS e controle, respectivamente, as espessuras
médias da espessura corneana no dpice (536 + 31 um e 560 + 31 um, p=0,001), no
centro da pupila (534 + 31 um e 558 + 33 um, p=0,001), e no ponto mais fino (528 +
30 um e 546 + 27 um, p=0,005), foram significativamente mais finas em pacientes
com PXS. A acuidade visual foi significativamente menor (0,52 + 0,37 contra 0,88 +
0,23, p<0,001)ecomprimento axialfoisignificativamente maior (23,9 + 0,70 milimetros
contra 23,2 + 0,90 milimetros, p=0,001) em olhos com PXS comparados com os olhos
controle. Ndo houve diferengas estatisticamente significativas entre PXS e controle
olhos em valores médios de ceratometria, angulo da camara anterior, profundidade
da camara anterior, volume da cérnea e volume de camara anterior.

Conclusées: Os pacientes com PXS tem cdrneas mais finas, pior acuidade visual, e
maior comprimento axial em comparagdo com controles sauddveis.

Descritores: Segmento anterior do olho; Sindrome de exfoliagdo; Topografia da cor-
nea; Cérnea/anatomia & histologia; Acuidade visual

INTRODUCTION

Pseudoexfoliation syndrome (PXS) is a common, age-related, sys-
temic, extracellular matrix disorder characterized by the production
and progressive accumulation of abnormal fibrillar extracellular
material in intraocular and extraocular tissues'. The exfoliation ma-
terial is produced by different intraocular cell types, such as lens epi-
thelium, ciliary epithelium, iris, vascular endothelial cells, trabecular
endothelium, basement membrane of the corneal epithelium, and
corneal endothelium?, Tissue differentiation predisposes to several
intraocular and surgical complications, including glaucoma, zonular
dehiscence, phacodonesis and lens subluxation, capsular rupture or
vitreous loss during cataract surgery, blood-aqueous barrier dysfunc-
tion, and corneal endothelial decompensation®,

In previous studies, the deposition of exfoliation material on the
corneal endothelium, decreased endothelial cell density, changes of

the basal epithelium with the alterations of the subepithelial nerve
plexus, decreased corneal sensation, and dry eye with the distur-
bances of the precorneal tear film have been reported®®. However,
there are conflicting studies about central corneal thickness (CCT) in
patients with PXS or pseudoexfoliative glaucoma. Most studies have
reported similar CCT in PXS and normal eyes®', but some authors
have reported a thinner™™ or thicker®” CCT in PXS eyes than in
normal eyes.

The evaluation of anterior segment parameters is an important
part of ophthalmic examination particularly for the assessment of
endothelial function because of complications following cataract
surgery and the risk of glaucoma in patients with PXS.

Therefore, the aim of the present study was to evaluate anterior
segment parameters in patients with PXS by a comparison with those
in healthy subjects.
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EVALUATION OF ANTERIOR SEGMENT PARAMETERS IN PATIENTS WITH PSEUDOEXFOLIATION SYNDROME USING SCHEIMPFLUG IMAGING

METHODS

This cross-sectional study consecutively included 43 patients
with PXS (27 men and 16 women) with a mean age of 70.0 + 7.56 years
(range, 56-85 years) and 43 healthy control subjects (27 men and 16
women) with a mean age of 67.3 + 10.0 years (range, 52-85 years)
from January 2014 to May 2015. The study was approved by the Ins-
titutional Ethics Committee and was conducted in accordance with
the Declaration of Helsinki. Written informed consent was obtained
from all patients and controls.

After pupil dilation with 1% tropicamide, a diagnosis of PXS was
made based on the presence of typical gray-white material on the
anterior lens capsule (homogeneous central disc, intermediate clear
zone, and peripheral granular zone), on the corneal endothelium, and
atthe pupil margin. Subjects with glaucoma [high intraocular pressu-
re (IOP) (over 21 mmHg), glaucomatous optic nerve head changes, and
glaucomatous visual field defects on computerized visual field exa-
mination], corneal disease, retinal disease, active ocular infection or
inflammation, previous ocular surgery, ocular trauma, use of contact
lenses, and refractive errors more than + 3 diopters (D) were excluded
from the study.

Control subjects were the patients admitted to the ophthalmolo-
gy clinic for a routine examination without any complaints. However,
subjects with a history of ocular disease and pathologic ocular findings
were excluded from the study.

All of the participants underwent a complete ophthalmic exa-
mination, including refraction, best corrected visual acuity, IOP with
Goldmann applanation tonometry, slit-lamp examination, fundus
examination, and axial length measurement (PacScan 300AP+ bio-
metric pachymeter; Sonomed, Lake Success, NY).

EVALUATION OF ANTERIOR SEGMENT PARAMETERS

Anterior segment parameters were assessed using the Pentacam
high-resolution rotating Scheimpflug imaging system (HR Pentacam;
Oculus, Wetzlar, Germany). Measurements were performed with
undilated pupils under scotopic conditions by the same ophthalmo-
logist (A.G.). The automatic release mode was used, and unreasonable
measurements were not evaluated and were marked in yellow and
red on the monitor. The following parameters were extracted from
the obtained topographic and pachymetric maps for statistical analysis:
corneal power of the flat axis (K1), corneal power of the steep axis
(K2), mean corneal power (Km), anterior chamber angle (ACA), an-
terior chamber depth (ACD), corneal volume (CV), anterior chamber
volume (ACV), and corneal thickness at the apex point (regarded as
CCT), the center of the pupil, and the thinnest point. Average values
of three successful measurements were used for analysis.

STATISTICAL ANALYSIS

Statistical analysis was performed using SPSS for Windows version
15.0 (SPSSInc,, Chicago, IL, USA). Only one eye of each participant was
selected for statistical analysis. For patients with unilateral PXS, just
the clinically involved eye was selected. In PXS patients affected bila-
terally and control subjects, one of the eyes was randomly chosen. All
data are reported as mean + standard deviation. Normality for con-
tinuous variables was determined by the Kolmogorov-Smirnov test.
An independent-samples t-test was used for continuous variables
with a normal distribution and the Mann-Whitney U test was used
for continuous variables without a normal distribution to compare
the means of two groups. Pearson and Spearman tests were used
to detect the strength of the relationship between the variables. A
p-value of <0.05 was considered statistically significant.

RESULTS

The demographic and clinical features of the patient and control
groups are shown in table 1. There was no statistically significant
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difference between the mean age of the PXS patients and that of the
control subjects. The visual acuity was significantly lower and axial
length was significantly longer in PXS eyes than in control eyes.

The mean values of K1, K2, Km, ACA, ACD, CV, ACY, and corneal
thickness at the center of the pupil, the apex point (CCT), and the
thinnest point are given in table 2. The mean corneal thicknesses at
the center of the pupil (534 + 31 versus 558 + 33 um, p=0.001), the
apex point (536 + 31 versus 560 + 31 um, p=0.001), and the thinnest
point (528 + 30 versus 546 + 27 um, p=0.005) were significantly thinner
in the PXS patients than in the controls. There were no statistically
significant differences between the patient and control group in
K values or ACA, ACD, CV, or ACV values.

DISCUSSION

PXS is an elastotic, age-related disorder characterized by the accu-
mulation of abnormal extracellular matrix material in intraocular and
extraocular tissues. In PXS patients, small, fluffy, white pseudoexfo-
liative materials are usually observed on the corneal endothelium,
along with pigment deposition on the central corneal endothelium.
This material can damage the corneal endothelium of PXS eyes and
may lead to endothelial decompensation. It is known that a distinct
form of corneal endotheliopathy occurs in patients with PXS. This
special endotheliopathy can cause early corneal endothelial decom-
pensation and may have been previously misdiagnosed as an atypical
non-guttata Fuchs' endothelial dystrophy®'®'?. In addition, in vivo
confocal microscopy studies have shown significant morphologic
alterations in the corneas of PXS patients®2022,

Table 1. Comparison of demographic and clinical data of PXS patients
and controls

PXS patients (n=43) Controls (n=43) p
Age (years) 70.00 +7.56 67.30 + 10.00 0.160
Sex (male) 27.00 (62.7%) 27 (62.7%) 1.000
BCVA (Snellen) 052+037 088+ 023 <0.001
IOP (mmHg) 16.00 £ 5.88 1610+ 3.20 0.900
AL (mm) 2390+£0.70 2320+ 090 0.001

PXS= pseudoexfoliation syndrome; BCVA= best corrected visual acuity; IOP= intraocular
pressure; AL= axial length.

Table 2. Comparison of the anterior segment parameters of PXS pa-
tients and controls

PXS patients (n=43) Controls (n=43) p

Corneal power (front)

K, 4380+ 157 432+181 0.130

K, 4450+ 143 439+1.72 0.070

K, 4410+ 148 435+ 1.66 0.080
Pachymetric measurements (Lm)

Central 534 +31 558 +33 0.001

Apex 536 £31 560 + 31 0.001

Thinnest 528 +30 546 + 27 0.005
Corneal volume (mm?) 5870+ 4.21 5070+ 3.12 0.210

ACA () 3030+ 9.89 3350+ 9.66 0.110

ACD (mm) 271+ 046 282+ 077 0.790

ACV (mm?) 123.00 + 23.40 132.00 +41.30 0.250

Data are indicated as mean + standard deviation.
PXS= pseudoexfoliation syndrome; K1= corneal power of the flat axis; K2= corneal power
of the steep axis; Km=mean corneal power; ACA= anterior chamber angle; ACD= anterior
chamber depth; ACV= anterior chamber volume.



Corneal thickness is an important indicator of corneal health.
Evaluation of corneal parameters is essential in the diagnosis and
monitoring of glaucoma and when refractive surgery is scheduled.
Currently, the Pentacam with Scheimpflug technology is used to
assess corneal parameters in detail. This method provides evaluation
of corneal pachymetry, anterior and posterior corneal topography,
lens thickness, and anterior chamber depth, angle, and volume®?.

Results reported in the literature have varied with respect to the
CCT in pseudoexfoliative eyes. Arnarsson et al.”’ found that PXS was
not associated with CCT. Rufer et al.* determined that CCT was
not significantly different among primary open-angle glaucoma,
pseudoexfoliative glaucoma, and control groups, but patients with
low-tension glaucoma had significantly lower CCT than that in the
controls. Detorakis et al."V reported that differences in CCT between
PXS eyes and age- and sex-matched controls were not statistically
significant. Ventura et al."? and Yagci et al.” reported that there were
no significant differences in CCT among normal-tension glaucoma,
primary open-angle glaucoma, pseudoexfoliative glaucoma, and
healthy control groups. However, Gorezis et al."® found that the CCT
was significantly thinner in patients with pseudoexfoliative glaucoma.
Similarly, Aghaian et al.* and Bechmann et al.*® reported that the
CCT was significantly lower in patients with pseudoexfoliative glau-
coma, low-tension glaucoma, and primary open-angle glaucoma
than in healthy individuals. Inoue et al.™ examined the CCT and the
endothelial morphology of the cornea in 26 eyes of 21 PXS patients
(seven eyes with glaucoma and 19 eyes without glaucoma). The re-
searchers represented that the corneal endothelial cell density and
CCT were significantly lower in the PXS eyes than in the control eyes,
but there were no significant differences in these factors between
the PXS eyes in patients with and without glaucoma. Ozcura et al.?”
reported that CCT was significantly thinner in eyes with PXS than in
control eyes, but was not thinner in the eyes of those with pseudoex-
foliative glaucoma.

In the present study, the mean corneal thicknesses at the center
of the pupil, the apex point, and the thinnest point were significantly
thinner in the PXS patients than in the controls. We believe that the
alterations of the corneal subepithelial nerve plexus, decreased cor-
neal sensation, and dry eye with disturbances of the precorneal tear
film may lead to corneal thinning as reported by Martone et al.*’ and
Kozobolis et al.”? The different results regarding corneal thickness in
the literature might be because of racial differences, different me-
thods, different sample sizes, and different age distributions in the
sampled populations. Additionally, the PSX eyes had lower visual
acuity and longer axial length than the healthy controls did in our
study. These results are in agreement with a previous study reported
by Jonas et al.?¥,

Doganay et al.? reported that there were no significant differen-
cesin ACV, ACA, CCT, and corneal volume values among patients with
PXS, those with pseudoexfoliative glaucoma, and healthy controls.
Similarly, there were no statistically significant differences between
the patient and control groups in K values or ACA, ACD, CV, or ACV
values in our study.

There are some limitations to this study in that it was a single-center
study with a relatively small sample size. The anterior segment para-
meters need to be investigated in further large studies with different
devices to understand these changes more clearly.

In conclusion, PXS patients had thinner corneas, lower visual acuity,
and longer axial length than healthy controls did
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The effects of riboflavin and ultraviolet light on keratocytes cultured in vitro

Awvaliagdo do efeito da riboflavina e luz ultravioleta sobre os ceratdcitos in vitro

Jovce L. Covre!, Priscita C. Cristovam!, RenaTa R. Loureiro!, Rossen M. Hazarsassanov!?, Mauro Campos!3, ELcio H. Sato!?, Jost Awvaro P. Gomes!?

ABSTRACT

Purpose: To culture quiescent human keratocytes and evaluate the effects of
ultraviolet light and riboflavin on human corneal keratocytes in vitro.

Methods: Keratocytes were obtained from remaining corneoscleral ring donor
corneas previously usedin corneal transplant surgeries and cultured in DMEM/F12
with 2% FBS until confluence. Characterization of cultured cells was performed
by immunofluorescence analysis for anti-cytokeratin-3, anti-Thy-1, anti-a-smooth
muscle actin, and anti-lumican. Immunofluorescence was performed before and
after treatment of cultured cells with either ultraviolet light or riboflavin. Corneal
stromal cells were covered with collagen (200 L or 500 pL) and 0.1% riboflavin,
and then exposed to ultraviolet light at 370 nm for 30 minutes. After 24 hours,
cytotoxicity was determined using MTT colorimetric assays, whereas cell viability
was assessed using Hoechst 33342 and propidium iodide.

Results: Cell cultures achieved confluence in approximately 20 days. Expression
of the lumican was high, whereas no expression of CK3, Thy-1, and a-SMA was
observed. After crosslinking, MTT colorimetric assays demonstrated a low toxicity
rate, whereas Hoechst 33342/propidium iodide staining demonstrated a low rate
of apoptosis and necrosis, respectively, in all collagen-treatment groups.
Conclusion: Keratocytes can be successfully cultured in vitro and characterized
by immunofluorescence using lumican. MTT colorimetric assays, and Hoechst
33342, and propidium iodide staining demonstrated a higher rate of cell death
in cells cultured without collagen, indicating collagen protects keratocytes from
the cytotoxic effects of ultraviolet light.

Keywords: Ultraviolet rays; Riboflavin; Cornea; Corneal stroma; Corneal keratocytes;
Apoptosis

RESUMO

Objetivo: Avaliar o efeito da aplicagdo da luz ultravioleta e riboflavina sobre cera-
técitos da cérnea humana in vitro.

Métodos: Os ceratdcitos foram obtidos a partir das rimas corneoesclerais remanes-
centes da trepanagdo de cérneas previamente utilizadas em cirurgias de transplante
de cornea e cultivadas em meio DMEM/F12 com 2% de FBS até atingir confluéncia. As
culturas de células foram caracterizadas por imunofluorescéncia com os anticorpos
K3 (marcador de células epiteliais), Thy-1 (marcador de fibroblasto) SMA (marcador
de miofibroblasto) e Lumican (marcador de ceratdcitos). Imunofluorescéncia também
foi feita apds o tratamento. As células do estroma da coérnea foram cobertas com
coldgeno (200 L e 500 uL) e 0,1% de riboflavina e exposta a luz UVA a 370 nm por
30 minutos. Apds 24 horas, citotoxicidade foi determinada por ensaio de MTT e a
viabilidade celular foi feita por Hoechst 33342/lodeto de propideo.
Resultados:Asculturas de células atingiram confluénciaem aproximadamente 20dias.
Imunofluorescéncia apontou alta expressao para o marcador de ceratécitos (Lumican)
e expressdo negativa par os marcadores de células epiteliais (K3), fibroblasto (Thy-1)
e miofibroblasto (a-SMA). Apés o cross linking a andlise de MTT mostrou baixa taxa
de toxicidade e com a coloracdo de Hoechst 33342/lodeto de propideo baixa taxa de
apoptose e necrose respectivamente em todos os grupos que continham coldgeno.

Concluséo: As culturas de ceratocitos foram obtidas e caracterizadas por imunofluo-
rescéncia através do marcador Lumican com sucesso. O ensaio de MTT e a coloragdo
por Hoechst 33342 e iodeto de propidio, apresentaram maior indice de morte celular
nos grupos que ndo continham coldgeno, provando que protege as células contra
os efeitos da luz UVA.

Descritores: Raios ultravioleta; Riboflavina; Cérnea; Substdancia propria; Ceratdcitos
da cérnea; Apoptose

INTRODUCTION

The cornea is the primary refractive element of the visual system.
It is principally composed of stroma, which accounts for approxima-
tely 90% of its thickness™. The corneal stroma is covered anteriorly by
four to six layers of stratified, nonkeratinized epithelium; posteriorly,
it is covered by a single endothelial layer, which is in direct contact
with the aqueous humor!=. The corneal stroma consists of collagen
fibers, extracellular matrix (ECM), and keratocytes, which exhibit
dendritic morphology and function in the synthesis of collagen fibrils.
The uniform arrangement of these collagen fibers allows corneal
transparency“?.

A number of diseases have been shown to affect the arrangement
and resistance of corneal collagen fibers. Keratoconus is defined as a
noninflammatory disease, generally involving bilateral corneal ectasia,

characterized by stromal thinning and loss of rigidity, leading to irre-
gular asymmetric astigmatism and poor vision. In the majority of
cases, the refractive error induced by keratoconus can be corrected
with the use of rigid contact lenses. Nevertheless, a proportion of
cases in which progression of the corneal irregularity results in signi-
ficant visual deterioration require more invasive therapeutic options,
such as intracorneal implants or corneal transplantation®.

Recently, Seiler et al. proposed the use of crosslinking (CXL) for the
treatment of keratoconus. This treatment is based on the chemical in-
duction of interfibrillar and intrafibrillar covalent bonds in the corneal
stroma, thus strengthening the cornea. CXL relies on photosensitive
oxidation induced by the combination of riboflavin (vitamin B2) and
ultraviolet A (UVA) light, thereby increasing the biomechanical resis-
tance and stability of the corneaV®. Other indications for crosslinking
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have been reported, including the treatment of post-refractive surgery
ectasia, bullous keratopathy, ocular infections, and corneal necrosis,
among others®,

The objective of the present study was to culture quiescent human
keratocytes and evaluate the effect of UVA light and riboflavin on
human corneal keratocytes in vitro.

METHODS
STUDY DESIGN

In all the groups assigned to receive 0.1% riboflavin (10 mg
riboflavin-5-phosphate dissolved in 10 mL of 20% dextran T-500
[400 mOsm/mL]; Ophtalmos®, Sdo Paulo, SP Brazil), a layer of ribofla-
vin was applied to the surface of the plate, covering all cells for 30
minutes. This procedure was performed before continuous exposure
to UVA light (IROC®, Germany) at 370 nm with a surface irradiance
of 3 mW/cm?, with a total radiant exposure of 5.375 J/cm? in cases
in which riboflavin and UVA light were combined. The riboflavin
concentration and UV wavelength used in the present study were
identical to those used clinically. The twelve experimental groups
are described below:

Keratocyte culture in the absence of collagen

1. Cells were exposed to 0.1% riboflavin for 30 minutes;

2. Cells were exposed to UVA light at 370 nm for 30 minutes;

3. Cells were simultaneously exposed to riboflavin and UVA light
for 30 minutes.

Keratocyte culture in the presence of 200 uL of collagen at 0.1 g/mL

4. Cells were exposed to 0.1% riboflavin for 30 minutes;

5. Cells were exposed to UVA light at 370 nm for 30 minutes;

6. Cells were simultaneously exposed to riboflavin and UVA light
for 30 minutes;

7. Cells were exposed to collagen alone.

Keratocyte culture in the presence of 500 uL of collagen at 0.1 g/mL

8. Cells were exposed to 0.1% riboflavin for 30 minutes;
9. Cells were exposed to UVA light at 370 nm for 30 minutes;
10. Cells were simultaneously exposed to riboflavin and to UVA
light for 30 minutes;
1. Cells were exposed to collagen alone;
2. Control group: keratocytes were not submitted to any of the
abovementioned experimental conditions.

KERATOCYTE CULTURE

Keratocytes were isolated from remaining corneoscleral ring
donor corneas previously used in corneal transplant surgeries at the
Department of Ophthalmology and Visual Sciences, Escola Paulista
de Medicina (EPM), Universidade Federal de Séo Paulo (UNIFESP).
Explants of corneal stroma were prepared in a laminar flow hood
under sterile conditions. Explants were cultured in Dulbecco’s modi-
fied eagle medium and Ham's nutrient mixture F12 (DMEM/F12-1:1)
supplemented with 2% fetal bovine serum (FBS; Invitrogen, Gibco,
Portland, OR, USA) in 24-well plates. Cells were cultured in a humidi-
fied incubator at 37°Ciin 5% CO,. Culture medium was changed three
times a week for 3 weeks.

Cytotoxiary (MTT)

Twenty-four hours after treatment, RPMI medium (Invitrogen,
Gibco, Portland, OR, USA) with 10% MTT solution was added and cells
were incubated for 3 hours at 37°C. To solubilize formazan crystals,
100 pL of dimethyl sulfoxide (DMSO; Sigma Aldrich, St. Louis, MO,
USA) was added to each well. Results were read using a spectropho-
tometer at a wavelength of 340 nm in an ELISA EXL800 plate reader

Covre JL, ET AL.

(Universal Microplate Reader, Bio-Tek Instruments, Inc.). The cytoto-
xicity of each treatment was expressed by comparing absorption
values with control values.

AproprTOsIs AND NECROSIS (HOECHST 33342 AND PROPIDIUM IODIDE)

Cytomorphological assays to detect apoptotic and necrotic
cells using Hoechst 33342 (Sigma Aldrich, St. Louis, MO, USA) and
propidium iodide staining were performed following treatmentin all
groups. Cells were collected and centrifuged for 5 minutes at 1800 rpm.
Next, a mixture of 3.5 ulL of suspended cells, 1.5 uL of Hoescht 33342
(10 mg/mL), and 1.0 yL of propidium iodide was placed between
a slide and coverslip. The reaction mixture was incubated and cells
were observed using a fluorescence microscope with absorption
spectra of 360 and 538 nm.

IMMUNOFLUORESCENCE

Cells were cultured in 24-well culture plates (TPP, Zurich, Switzerland)
on coverslips. After reaching 70% confluence, cells were divided into
two groups: untreated, with immunofluorescence used only for cell
characterization; treated, with immunofluorescence applied before
and after CXL treatment to observe changes in protein expression.

Cells were incubated overnight with the following primary anti-
bodies: lumican (keratocyte marker), Thy-1 (fibroblast marker), a-SMA
(myofibroblast marker), and CK3 (epithelium marker, cell-characteri-
zation step only). Cells were then incubated with secondary anti-mouse
antibody conjugated with fluorescein isothiocyanate (FITC). Slides
were analyzed using a fluorescence microscope.

STATISTICAL ANALYSIS

The software program used for the statistical analysis and for
producing the graphs was GraphPad Prism, version 5.0 for Windows.
The continuous, semi-continuous, and semi-categorical data were
initially analyzed using the Kolmogorov-Smirnov test to determine
how closely these data fitted to a normal (Gaussian) curve. The pa-
rametric data were represented as means and standard deviations
of the means, and compared using Student’s t-test, with or without
Welch's correction, depending on the result of Levene’s test used to
determine the equality of variances.

For the parametric variables in independent samples, one-way
analysis of variance (ANOVA) was used, followed by Dunnett’s
post-hoc test. The nonparametric data were represented as medians
of quartiles and, when more than two samples were compared, the
Kruskal-Wallis test was used followed by the Muller-Dunn post-test.
Spearman’s correlation coefficient was used to measure nonparame-
tric correlations and Pearson’s correlation was applied for parametric
measurements.

An alpha (probability of making a type | error) <5% and a beta
(probability of making a type Il error) <20% were defined for the entire
study. Probabilities <5% were considered statistically significant.
For repeated measures, the Bonferroni method was used to correct
cumulative type | errors.

RESULTS
KERATOCYTE CULTURE

Corneal stromal cells were observed to have dendritic morphology
after approximately 3 weeks’ culture in DMEM/F12 medium con-
taining 2% FBS, indicating cells remained quiescent during culture
(Figure 1).

Cyrotoxicity (MTT)

Cytotoxicity evaluations using MTT colorimetric assays 24 hours
after treatment demonstrated a significantly lower number of meta-
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Figure 1. Morphological analysis of keratocytes. X) After 10 days in culture. Y) After 20 days in culture. Inverted microscope; 20x.
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ANOVA=P<0.0001, Groups 2 and 3 versus Group 12 (control). Dunnett’s post-hoc test=
P<0.001, Groups 2 and 3 versus Group 12 (control).

Figure 2. Cytotoxicity evaluations using MTT colorimetric assays 24 hours
after treatment: 1, keratocyte culture + riboflavin; 2, keratocyte culture +
UVAlight; 3, keratocyte culture +riboflavin + UVAlight; 4, keratocyte culture
+200 pL of collagen + riboflavin; 5, keratocyte culture + 200 pL of collagen
+ UVA light; 6, keratocyte culture + 200 pL of collagen + riboflavin + UVA
light; 7, keratocyte culture + 200 pL of collagen; 8, keratocyte culture + 500
uL of collagen +riboflavin; 9, keratocyte culture + 500 pL of collagen + UVA
light; 10, keratocyte culture + 500 L of collagen + riboflavin + UVA light;
11, keratocyte culture + 500 pL of collagen; 12, control group. All groups
were treated for 30 minutes.

bolically active cells in cell cultures without collagen during exposure
to UVA light, indicating poorer cell viability. No statistically significant
differences were observed in the other treated groups compared to
the control group (Figure 2).

ApoprTOsIs VERsUS NECROSIS (HOECHST 33342 AND PROPIDIUM IODIDE)

To confirm the results of the MTT assay, cell viability of all treatment
groups was evaluated using Hoechst 33342 and propidium iodide
staining, which permitted the identification and quantification of
viable cells, apoptotic cells (bright blue-stained cells), and necrotic
cells (red-stained cells; Figure 3). Differential staining demonstrated
a significantly greater number of necrotic and apoptotic cells in the
groups without collagen during exposure to UVA light compared to
the other treatment and control groups (Figures 4, 5, and 6).

IMMUNOFLUORESCENCE

All cultures tested negative for the epithelial cell marker CK3, which
was used to characterize cells (Figure 7). In all groups, cells were

182 Arq Bras Oftalmol. 2016;79(3):180-5

Figure 3. Cell viability in treatment groups evaluated using
Hoechst 33342 and propidium iodide staining. X) Keratocyte
culture + riboflavin + UVA light, without collagen; cells in ne-
crosis are stained red.Y) Keratocyte culture + riboflavin + UVA
light + 200 pL of collagen. Z) Keratocyte culture + riboflavin
+ UVA light + 500 pL of collagen. In' Y and Z, chromatin was
observed as highly compacted. Cells undergoing apoptosis
are stained bright blue.
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Figure 4. Cell viability in the different treatment groups: 1, keratocyte culture +
riboflavin; 2, keratocyte culture + UVA light; 3, keratocyte culture + riboflavin +
UVA light; 4, keratocyte culture + 200 pL of collagen + riboflavin; 5, keratocyte
culture+200 uL of collagen + UVAlight; 6, keratocyte culture + 200 pL of collagen
+ riboflavin + UVA light; 7, keratocyte culture + 200 L of collagen; 8, keratocyte
culture + 500 pL of collagen + riboflavin; 9, keratocyte culture + 500 pL of colla-
gen + UVA light; 10, keratocyte culture + 500 pL of collagen + riboflavin + UVA
light; 11, keratocyte culture + 500 pL of collagen; 12, control group. All groups
were treated for 30 minutes.
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ANOVA= P<0.0001, Group 2 versus Group 12 (control). Dunnett’s post-hoc test= P<0.05,
Group 3 versus Group 12 (control); Dunnett’s post-hoc test, P<0.001.

Figure 5. Apoptosis in the different treatment groups: 1, keratocyte cul-
ture + riboflavin; 2, keratocyte culture + UVA light; 3, keratocyte culture
+ riboflavin + UVA light; 4, keratocyte culture + 200 pL of collagen + ri-
boflavin; 5, keratocyte culture + 200 pL of collagen + UVA light; 6, kerato-
cyte culture + 200 pL of collagen + riboflavin + UVA light; 7, keratocyte
culture + 200 pL of collagen; 8, keratocyte culture + 500 pL of collagen
+riboflavin; 9, keratocyte culture + 500 pL of collagen + UVAlight; 10, keratocyte
culture + 500 pL of collagen + riboflavin + UVA light; 11, keratocyte culture +
500 pL of collagen; 12, control group. All groups were treated for 30 minutes.

negative for fibroblast (Thy-1) and myofibroblast (a-sma) markers, and
positive only for the keratocyte marker, (lumican), both before and
following crosslinking (Figure 8). This staining pattern demonstrates
the success of keratocyte culture, with staining remaining unaltered
in all groups compared to the control group up to 24 hours after
treatment.
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Kruskal-Wallis test= P=0.007, Group 2 versus Group 12 (control); Dunn’s post-hoc test= P<0.05.
Figure 6. Necrosis in the different treatment groups: 1, keratocyte culture +
riboflavin; 2, keratocyte culture + UVA light; 3, keratocyte culture + riboflavin +
UVA light; 4, keratocyte culture + 200 pL of collagen + riboflavin; 5, keratocyte
culture +200 pL of collagen + UVA light; 6, keratocyte culture + 200 pL of collagen
+ riboflavin + UVA light; 7, keratocyte culture + 200 pL of collagen; 8, keratocyte
culture+ 500 pL of collagen +riboflavin; 9, keratocyte culture + 500 puL of collagen
+ UVA light; 10, keratocyte culture + 500 pL of collagen + riboflavin + UVA light;
11, keratocyte culture + 500 L of collagen; 12, control group. All groups were
treated for 30 minutes.

DISCUSSION

The results from the present study indicate crosslinking does not
cause severe damage to the human cornea because extensive cell
death was observed only in keratocytes exposed to UVA light without
the presence of collagen. In corroboration with previous reports,
the present study also demonstrates that riboflavin has no cytotoxic
effect. This finding was expected as riboflavin is a crucial component
of all living cells and a precursor of flavin mononucleotide and
flavin-adenine dinucleotide, two coenzymes essential for carbo-
hydrate, fat, and protein metabolism present in the retina, liver, and
heart®™.

To standardize keratocyte cultures, various experiments were
required because the maintenance of cultured cells in the quiescent
state was technically challenging because of high concentrations
(109%-20%) of fetal bovine serum (FBS) promoting cell differentiation.
FBS contains factors such as lysophosphatidic acid (LPA) and sphin-
gosine-1-phosphate (S1P), which stimulate cell contractility and play a
fundamental role in the transformation of quiescent keratocytes with
dendritic morphology into cells with an activated fibroblast pheno-
type'219.On the other hand, the absence of FBS in culture medium
hampers tissue adhesion to culture plates because culture medium
is more fluid and facilitates cell detachment, thereby rendering cell
growth impossible.

The findings of the present study may be clinically applicable as,
to the best of our knowledge, no previous comparable studies using
human keratocytes have been reported up to the present time.

The present study was performed using two-dimensional cul-
tures to evaluate the effect of crosslinking by the addition of 200 or
500 pL of collagen to cell cultures, equivalent to the collagen thickness
of the central and peripheral cornea, respectively. This research mo-
del partially reproduces the corneal stroma. 3 D culture models are
generally considered to have greater model validity and to better
mimic in vivo cell behavior™' because keratocytes reside within a
three-dimensional extracellular matrix. Therefore, 3 D models may
allow more accurate observation of cell morphology, organization,
and mechanical behavior. Furthermore, such culture systems may

Arq Bras Oftalmol. 2016;79(3):180-5 183



THE EFFECTS OF RIBOFLAVIN AND ULTRAVIOLET LIGHT ON KERATOCYTES CULTURED IN VITRO

Figure 7. Immunofluorescence assay demonstrated negative expression of the differentiated corneal epithelial cell marker CK3 in cultured kera-
tocytes. X) Immunofluorescence using CK3 antibody. Y) Negative control. Z) Positive control in cultured corneal epithelium.

Treated cells

Controls

Thy-1

o-sma

Negative control

Lumican

Figure 8. Immunofluorescence of cultured keratocytes submitted to crosslinking versus control cells not submitted to crosslinking (fluorescence micros-

cope, 40x%).

permit cell degradation and extracellular matrix remodeling to be
investigated.

When culture medium with only 2% of FBS was used, optical
analysis demonstrated that growing cells had a dendritic morphology
similar to that of quiescent keratocytes. Cells were characterized by
immunofluorescence analysis using the following markers: lumi-
can, Thy-1, a-sma, and CK3. Lumican is one of the most abundant
proteins in the corneal stroma and is expressed in the presence of
quiescent keratocytes™. Thy-1 has been shown to contribute to
the transformation of corneal keratocytes into fibroblasts, with its
expression posited to indicate the involvement of fibroblasts in the
healing process!"”. Alpha-smooth muscle actin (a-sma) is expressed
during wound healing by fibroblasts undergoing transformation into
myofibroblasts® with contractile activity that helps decrease the
injured area'™. Finally, CK3 is expressed by differentiated corneal
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epithelium. Immunofluorescence of cultured cells in the present study
demonstrated positivity for the lumican protein only, confirming that
cultured cells were keratocytes in a quiescent state.

Immunofluorescence assays were performed after the cells were
submitted to different treatments to assess for morphological modi-
fications after exposure to different variables. Once again, cells cultu-
red in these conditions expressed lumican only. In this step, the CK3
antibody, a differentiated corneal epithelium marker, was not used
because its negative expression during cell characterization had
already been demonstrated.

To confirm the results of the MTT colorimetric assays, the viability
of keratocytes was evaluated using Hoechst 33342 and propidium
jodide staining, allowing living cells and those in apoptosis and
necrosis to be identified and quantified. Apoptosis is a highly requ-
lated physiological process of programmed cell death and plays an



important role in the homeostasis of different tissues in response to
numerous stimuli. This process is characterized by various morpho-
logical and biochemical alterations that are of crucial importance for
embryo development, for maturation of the immune system, and as
a defense mechanism against external insults®?. During apoptosis,
alterations occur in the cytoskeleton that induce the contraction and
loss of cell volume, chromatin condensation, nuclear fragmentation,
and the formation of cytoplasmic vesicles that give rise to structures
termed apoptotic bodies??. Necrosis is defined as a violent form of
cell death initiated by environmental stimuli that results in rapid
deregulation of homeostasis.

To validate the results of the present study, further studies using
three-dimensional keratocyte culture with variations in the duration
and intensity of UVA in vitro and in experimental animal models are
required.

The present study evaluated the effects of riboflavin and UVA
light, individually and in combination, on human corneal keratocytes
invitro. Cultures of keratocytes were successfully obtained and remai-
ned quiescent with dendritic morphology, as demonstrated by lumi-
can immunofluorescence analysis. Immunofluorescence analysis of
cells after exposure to riboflavin and UVA light demonstrated similar
marker expression to untreated cells. MTT assays demonstrated lower
cytotoxicity in groups containing collagen when exposed to UVA
light. Staining with Hoechst 33342 and propidium iodide confirmed
the results of MTT assays, with higher rates of apoptosis and necrosis
observed in groups in which collagen was not added.
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CASE REPORT

Rothmund-Thomson syndrome and ocular surface findings: case reports

and review of the literature

Sindrome de Rothmund-Thomson e achados da superficie ocular: casos clinicos e revisdo da literatura

ANA FiLipa MiranDA!, MARIA DaNiELA RivERA-MoONGE!, CHARLES CosTA FARIAS!?

ABSTRACT

Rothmund-Thomson syndrome (RTS) is a rare dermatosis with about 300 cases
reported to date. The authors describe two siblings with RTS and inflammatory
conjunctival disease featuring fornix shortening and symblepharon as well as
palpebral disease with sparse eyelashes. These cases demonstrate RTS ocular
surface findings different to those usually described.

Keywords: Rothmund-Thomson syndrome; Eye disease; Keratitis; Ectodermal dis-
plasia; Skin disease

RESUMO

Asindrome de Rothmund-Thomson (SRT)éuma dermatose rara com cerca de 300casos
reportados. Os autores descrevem dois irmdos com sindrome de Rothmund-Thomson
e doenca inflamatdria conjuntival com encurtamento do fundo de saco e simbléfaro,
assim como doenc¢a palpebral com escassez de cilios. Ambos os casos demonstram
achados da superficie ocular diferentes dos habitualmente descritos.

Descritores: Sindrome de Rothmund-Thomson; Oftalmopatias hereditdrias; Ceratite;
Displasia ectodérmica; Dermatopatias

INTRODUCTION

Rothmund-Thomson syndrome (RTS) is a rare dermatosis or a
condition affecting the skin. Although its exact prevalence is unknown,
about 300 cases have been reported to date”. Although its etiology
is yet to be fully clarified, some patients show an autosomal recessive
inheritance featuring a DNA damage repair defect and RECQL4 gene
mutations®?. The diagnosis of RTS is established by clinical findings
and the inability to identify a RECQL4 mutation does not rule out
the diagnosis?. The first signs of RTS are dermatological in origin.
The predominant signal is poikilodermatosis, which is a patch-like
pigmentation usually developing between the age of 3 and 6 mon-
ths as an erythema with swelling and blistering of the face®. Other
clinical features may be present and may include congenital bone
defects, short stature, sparse scalp hair, sparse or absent eyelashes
and/or eyebrows, and dental abnormalities"*%. Ocular findings inclu-
de not only cataracts but also microphthalmia, keratoconus, corneal
scleralization, and pigment deposits on the cornea and conjuncti-
val*9. Cataracts are reportedly bilateral, rapid in onset (usually at 2
to 3 months), and subcapsular®®. Several types of malignancies have
been described in RTS patients, of which osteosarcoma (OS) is the
most common, followed in prevalence by squamous cell carcinoma
and atypical meningioma®. Although some clinical signs suggest
precocious aging, life expectancy is not impaired in RTS patients
provided they do not develop cancer?.

CASE REPORT 1

A 26-year-old man was diagnosed with RTS, with early-onset
poikilodermatosis, sparse scalp hair, and dental abnormalities. He was
the fifth child born to consanguineous parents after normal gesta-

tion and had an older sister and brother, both of whom were also
diagnosed with RTS (Figure 1). The patient was presented to the
Ophthalmology Department complaining of bilateral ocular hypere-
mia, photophobia, and itching for the last 12 years.

On ophthalmological examination, the patient had bilateral visual
acuity of 20/20 and an intraocular pressure (IOP) of 13 and 15 mmHg,
respectively. Slit-lamp examination showed bilateral bulbar and pal-
pebral hyperemia, thickening and telangiectasia of the lid margins,
inspissated orifices, secretion of the meibomian glands, and sparse
inferior eyelashes, as shown in figure 2. A detailed examination of
the conjunctiva revealed superior and inferior fornix foreshortening
with superior and inferior symblepharon and upper lid entropion
(Figure 2). Fluorescein staining showed inferior superficial keratitis.
Tear break-up time (BUT) was reduced to 5 s, and reduced inferior
conjunctival sac space precluded Schirmer’s test. The remaining
ophthalmological examination was unremarkable on both eyes.

CASE REPORT 2

The second case involved a 28-year-old woman who was also
clinically diagnosed with RTS, with early-onset poikilodermatosis and
sparse scalp hair (Figure 3). Five years prior to examination by the
Ophthalmology Department, the patient underwent marginal rota-
tion and lash electrolysis on her right eye; however, the symptoms
persisted. She was referred for ocular hyperemia and a burning and
foreign body sensation lasting for a total of 15 years.

On ophthalmological examination, the patient presented visual
acuity of 20/20, and IOP was 15 mmHg on both eyes. Slit-lamp exa-
mination revealed bilateral sparse inferior eyelashes and trichiasis
(Figure 4). A detailed examination of the conjunctiva led to the
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Figure 1. Family heredogram. Filled symbols represent affected individuals and
unfilled symbols represent unaffected individuals; squares represent men, and
circles represent women. Arrows represent the two cases.

Py B
Figure 2. Case 1. Left eye showing bulbar and palpebral hyperemia, secretion in the

meibomian glands, sparse inferior eyelashes, superior (right) and inferior (left) fornix
foreshortening, and symblepharon.

Figure 3. Case 2. Photographs showing poikiloderma and sparse scalp hair.

demonstration of inferior symblepharon on the left eye (Figure 4).
Inferior superficial keratitis was evident when fluorescein staining
was performed. Tear BUT and Schirmer’s tests were within the normal
limits. The remaining ophthalmological examination was unremarka-
ble on both eyes.

MirANDA AF, ET AL.

Figure 4. Case 2. Photographs showing sparse inferior eyelashes and inferior trichiasis
(left) and inferior symblepharon (right).

DISCUSSION

Previous reports have established bilateral cataracts, developing
early in life, as the most common ocular lesion seen in RTS patients®,
the prevalence of which varies between 5% and 73%, depending on
the study®. Absence or sparseness of eyelashes and eyebrows are
also common in this syndrome®. Other, less common, ocular mani-
festations appear to include microphthalmia, lacrimal obliteration,
keratoconus, corneal scleralization, pigment deposits on cornea and
conjunctiva, coloboma atrophy in the iris and retina, chorioretinal
atrophy, congenital glaucoma, and tilted optic discs""*>#.

This report presents two cases presenting with ocular surface
findings uncharacteristic of RTS, including palpebral disease and con-
junctival fibrotic process. The first case presented with meibomitis,
shortening of both the superior and inferior fornix as well as superior
and inferior symblepharon. The signs were evident on both eyes. In
the second case, bilateral trichiasis as well as inferior symblepharon
in the left eye were observed. In both patients, the ocular manifes-
tations also included previously described sparseness of eyelashes.

The first patient was referred for long-term ocular symptoms pro-
bably associated with prolonged conjunctivitis, which could explain
the fornix shortening, symblepharon, and upper eyelid fibrosis with
entropion. Meibomian gland dysfunction may explain the inferior
keratitis, which was supported by the reduced BUT. Schirmer’s test
would have been important for the evaluation of tear secretion but
could not be performed in case 1.

The second patient was referred for symptoms that could be
explained by trichiasis, resulting in keratitis. Prolonged conjunctivitis
could have resulted in inferior symblepharon. Other ocular manifes-
tations typically described in RTS patients, including cataracts, were
absent in both patients.

For both patients, the cause of inflammation remains unknown.
Cicatricial pemphigoid is a possibility because some patients with
ocular disease do not develop oropharyngeal, other mucous mem-
brane, or cutaneous disease. Referring to the patients’ history, we
were able to exclude Stevens-Johnson syndrome and chemical
injury. Considering the heterogeneity of possible clinical findings in
RTS and because the two patients described here are siblings, similar
and unusual ocular manifestations may also be determined by ge-
netic factors. Histologic evaluation could have been useful but was
not performed because the surgery was postponed in both patients.

In conclusion, this case report shows different clinical aspects
revealed through ocular examination in RTS patients. External sur-
face disease, particularly inflammatory and fibrotic disease of the
conjunctiva, should be taken into consideration in such patients to
avoid potentially severe consequences.
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CASE REPORT

Combined branch retinal vein and artery occlusion in toxoplasmosis

Oclusdo combinada de ramo arterial e venoso retinianos em toxoplasmose

Faio Bom Acaio!, FERNANDO Jost DE NoveLLl!, EvanDRro Luis Rosal, MARIO JUNQUEIRA NOBREGA!

ABSTRACT

A 22-year-old man complained of low visual acuity and pain in his left eye for five
days. His ophthalmological examination revealed 2+ anterior chamber reaction
and a white, poorly defined retinal lesion at the proximal portion of the infero-
temporal vascular arcade. There were retinal hemorrhages in the inferotemporal
region extending to the retinal periphery. In addition, venous dilation, increased
tortuosity,andischemic retinal whitening along the inferotemporal vascular arcade
were also observed. A proper systemic work-up was performed, and the patient
was diagnosed with ocular toxoplasmosis. He was treated with an anti-toxoplasma
medication, and his condition slowly improved. Inferior macularinner and middle
retinal atrophy could be observed on optical coherence tomography as a sequela
of ischemic injury. To our knowledge, this is the first report of combined retinal
branch vein and artery occlusion in toxoplasmosis resulting in a striking and
unusual macular appearance.

Keywords: Ocular toxoplasmosis; Uveitis; Retinal artery occlusion; Retinal vessels;
Visual acuity; Optical coherence tomography; Vision disorders

RESUMO

Um paciente do sexo masculino, com 22 anos de idade, queixou-se de reducdo da
acuidade visual no olho esquerdo por 5 dias. O exame oftalmoldgico mostrou reagdo
decamaraanterior2+eumalesdo retiniana esbranquicada, pouco definida, na por¢éo
proximal da arcadavasculartemporalinferior. Foram observadas hemorragias retinia-
nasnaregido temporal inferior estendendo-se a periferia, assim comoingurgitamento
venoso, aumento datortuosidade e palidez isquémica daretina no mesmo quadrante.
Exames laboratoriais corroboraram o diagndstico de toxoplasmose ocular. O paciente
melhorou lentamente apds tratamento apropriado. Foi evidenciada atrofia da retina
macular inferior interna e média a tomografia de coeréncia dptica, como sequela
da isquemia retiniana. Para nosso conhecimento, este é o primeiro relato de oclusdo
retiniana combinada de ramo arterial e venoso em toxoplasmose ocular, levando a
um aspecto fundoscépico atipico e peculiar.

Descritores: Toxoplasmose ocular; Uveites; Oclusdo da artéria retiniana; Vasos reti-
nianos; Acuidade Visual; Tomografia de coeréncia éptica; Transtornos da visGo

INTRODUCTION

Toxoplasmosis is the leading cause of infectious posterior uveitis
worldwide, accounting for 80% of the cases in some regions™. Although
toxoplasmic retinochoroiditis usually has a self-limiting course, it can
lead to an irreversible visual loss, particularly when the macula and
optic nerve head are involved. Vascular involvement typically consists
of diffuse or segmental sheathing produced by antigen-antibody com-
plex deposition in the vessel wall, as well as by localized mononuclear
cell infiltrates!”. Retinal vein occlusion may occur, but artery obstruc-
tion is rare>®. We herein report an atypical presentation of toxoplasmic
retinochoroiditis characterized by the occurrence of combined branch
retinal vein and artery occlusion.

CASE REPORT

A 22-year-old healthy man complained of low visual acuity and
pain in his left eye [oculus sinister (OS)] for five days. His past ocular
and family history were unremarkable. Best-corrected visual acuity
(BCVA) was 20/20 in the right eye [oculus dexter (OD)] and 20/400 in
the left eye (OS). His anterior segment examination was normal OD
and revealed 2+ anterior chamber reaction OS. Intraocular pressure
by applanation tonometry was 10 mmHg in both eyes at 08:00. Fun-
duscopy showed a normal OD and a white, poorly demarcated, and
slightly elevated retinal lesion at the proximal portion of the infero-
temporal vascular arcade OS. There were retinal hemorrhages in the
inferotemporal region extending to the periphery with venous dila-
tion and increased tortuosity, as well as ischemic retinal whitening
along the inferotemporal vascular arcade, 2+ vitreous cells, and diffu-
se periphlebitis. The striking macular appearance was reminiscent of
viral retinitis, given its necrotic and hemorrhagic features (Figure 1).

Blood tests revealed normal leukocyte and erythrocyte counts
and erythrocyte sedimentation rates. Serological tests for human
immunodeficiency virus (HIV) and syphilis (venereal disease research
laboratory and fluorescent treponemal antibody absorption tests)
were negative. Chest X-ray films were normal. Toxoplasma immuno-
globulin (Ig) G antibodies were positive in an enzyme-linked immuno-
sorbent assay (132 IU/mL), whereas anti-toxoplasma IgM antibodies
were negative.

Two days after initial presentation, the patient was started on
pyrimethamine at 50 mg daily, sulfadiazine at 2 g daily, folinic acid at
15 mg three times a week, prednisone at 60 mg daily, in a tapering
schedule, as well as topical prednisolone acetate 1% and tropicamide
1%. Five days later, BCVA was maintained, and the ophthalmologic
examination did not reveal any changes. Three weeks later, BCVA was
20/150 OS. His anterior segment examination was unchanged OD
and showed 1+ anterior chamber reaction OS. Intraocular pressure
was 16 mmHg OD and 14 mmHg OS. Funduscopy was unchanged
OD and showed a well-demarcated, whitish inferotemporal retino-
choroidal lesion. There was sheathing of the inferotemporal retinal
artery, mild juxtafoveal inferior retinal whitening, a macular star, and
1+ vitreous cells (Figure 2, left). Six weeks after the beginning of
treatment, BCVA was 20/30 OS. There was no anterior chamber or vi-
treous cells. The inferotemporal retinochoroidal lesion showed signs
of scarring (Figure 2, middle). Oral medication was discontinued, and
the prednisolone acetate 1% drops were tapered.

Three months after the initial presentation, BCVA was 20/30 OS.
His anterior segment examination revealed no changes. The intrao-
cular pressure was 16 mmHg OD and 15 mmHg OS. Funduscopy
showed an inferotemporal retinochoroidal scar and partial resolution
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of the macular star (Figure 2, right). Fluorescein angiography revealed
focal hypofluorescence with surrounding early hyperfluorescence
corresponding to the inferotemporal scar and blocked hypofluo-
rescence corresponding to the retinal hemorrhages. No areas of
non-perfusion were detected (Figure 3). Optical coherence tomogra-
phy showed signs of partial posterior hyaloid detachment, inferior
macular inner and middle retinal atrophy, hyperreflective intraretinal
dots superior to the fovea corresponding to the hard exudates, as
well as a mild foveal discontinuity of the outer retina and pigment
epithelium layer (Figure 4).

DISCUSSION

The diagnosis of ocular toxoplasmosis is usually straightforward;
however, challenging cases may occur. In the case presented here,
vascular occlusion of the inferotemporal retinal artery and vein led
to unusual fundus findings characterized by ischemic retinal white-
ning and numerous scattered retinal hemorrhages obscuring the
boundaries of the focal inflammatory lesion. The appearance of the
fundus resembled viral retinitis. Considering the high prevalence of
toxoplasmosis in Brazil®, the health status of the patient, and absen-
ce of peripheral retinitis, toxoplasmosis was strongly suspected. An
anti-toxoplasma medication was introduced, and the patient was
closely followed.

Ocular toxoplasmosis begins in the superficial retina. As retinitis
progresses, the involvement of full-thickness retina, adjacent choroid,
vitreous, and even sclera may occur. The initial lesion with ill-defined
margins due to retinal edema tends to become more defined with
treatment. After a variable time period, pigmentation mainly occurs
in the lesion margins®”. These findings were observed in our case.

Vascular changes in toxoplasmosis typically involve veins, but
arteries may also be affected, particularly in the form of Kyrieleis ar-
teritis!”, characterized by nodular periarterial plaques that were
observed in our case (Figure 2). Although classically described in
toxoplasmosis, Kyrieleis arteritis may occur in syphilis, rickettsial reti-
nal vasculitis, acute retinal necrosis, and other diseases. Its presence
should raise suspicion of an infectious cause of retinal vasculitis™.

Branch artery occlusion may result from direct artery compression
by retinochoroiditis or by arteriolar contraction associated with increa-
sed viscosity of blood and inhibition of coagulation due to heparin
release from mast cells as a response to acute inflammatory stimuli.
It may also be a consequence of perivasculitis, which may cause thi-
ckening of the vessel wall, disruption of blood flow, and thrombosis®.
Yu et al” identified the following three patterns of retinal capillary
ischemia using optical coherence tomography in arterial occlusive
disease in the acute phase: (1) thickening and hyperreflectivity of the
inner retinal layers owing to ischemia of the superficial capillary plexus,
(2) hyperreflective band at the level of the inner nuclear layer represen-

Figure 1. Initial presentation: Fundus photography of the left eye showing a white, poorly demarcated, and
slightly elevated retinal lesion at the proximal portion of the inferotemporal vascular arcade (arrow, left). There
were retinal hemorrhages in the inferotemporal region extending to the periphery with venous dilation and
increased tortuosity, as well as ischemic retinal whitening along the inferotemporal vascular arcade (arrows,

right), 2+ vitreous cells, and diffuse periphlebitis.

Figure 2. Fundus photography of the left eye at three weeks (left), six weeks (middle), and three months (right) after the beginning of treatment
showing progressive improvement of the inferotemporal retinochoroidal lesion with complete scarring at the time of the last visit. A macular star is
observed, as well as sheathing of the inferotemporal artery and numerous scattered hemorrhages. Periarterial plaques known as Kyrieleis arteritis
can also be noted alongside the inferotemporal artery.
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Figure 3. Fluorescein angiography (FA) frames of the left eye three months after the beginning
of treatment. (A) Red-free fundus photography. (B) Early FA frame disclosing hypofluorescence
corresponding to the inferotemporal lesion surrounded by early hyperfluorescence. (C) Interme-
diate FA frame of the inferior region. No areas of non-perfusion are observed. (D) Late FA frame
showing no leakage at the macular region. Blocked hypofluorescence is seen corresponding to

the scattered retinal hemorrhages.

Figure 4. Vertical cross-sectional optical coherence tomography image of the left eye
showing signs of partial posterior hyaloid detachment, inferior macularinnerand middle
retinal atrophy, hyperreflective intraretinal dots superior to the fovea, as well as mild
foveal discontinuity of the outer retina and pigment epithelium layer.

ting ischemia of the intermediate and deep capillary plexuses, and (3)
diffuse thickening and hyperreflectivity of the inner and middle retinal
layers representing both superficial and deep capillary ischemia. In the
chronic phase, thinning and atrophy of the affected retinal layers were
seen. In our case, optical coherence tomography in the chronic phase
revealed inner and middle inferior retinal macular atrophy, consistent
with both superficial and deep capillary ischemia.

Atypical forms of ocular toxoplasmosis include punctate outer re-
tinal toxoplasmosis, neuroretinitis, neuritis, pseudomultifocal retino-
choroiditis, multifocal retinochoroiditis, peripheral lesions, and anterior
uveitis!”. Atypical presentations have been reported in patients with HIV
infection, iatrogenic immunosuppression, or advanced age®®. Moshfeghi
et al. reported findings on 25 eyes with widespread retinochoroiditis

mimicking acute retinal necrosis®. In their cases, lesions were atypical,
large, multifocal, bilateral, or associated with diffuse retinal involvement
or panophthalmitis. The diagnosis of toxoplasmosis was confirmed by
the response to anti-toxoplasmosis medications, intraocular diagnostic
studies such as polymerase chain reaction, intraocular antibody analysis,
ocular fluid culture, or histopathological examination identifying Toxo-
plasma gondii in necrotic retinal tissue.

In conclusion, we report an uncommon presentation of toxoplas-
mosis, characterized by combined branch artery and vein occlusion,
resulting in ischemic retinal whitening and numerous scattered reti-
nalhemorrhagesin the inferotemporal region along with a poorly de-
fined proximal whitish retinal lesion. The possibility of toxoplasmosis
in cases presenting with these features must be considered because
prompt treatment may prevent a poor visual outcome.
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CASE REPORT

DRESS syndrome in ophthalmic patients

Sindrome DRESS em pacientes oftalmoldgicos

JacQuELINE MARTINS DE Sousa®, HeLoisa NascivenTo!, RuBeNS BELFORT JUNIOR!

ABSTRACT

Drug reaction with eosinophilia and systemic symptoms (DRESS) syndrome is a
rare and potentially fatal adverse drug reaction associated with skin rash, fever,
eosinophilia, and multiple organ injury. A number of pharmacological agents are
known to cause DRESS syndrome such as allopurinol, anticonvulsants, vancomy-
cin, trimethoprime-sulfamethoxazole, and pyrimethamine-sulfadiazine. Here, we
describe two patients who developed DRESS syndrome during ocular treatment.
The first case was being treated for late postoperative endophthalmitis with to-
pical antibiotics, intravenous cephalothin, meropenem, and intravitreal injection
of vancomycin and ceftazidime before symptoms developed. We were unable to
identify the causal drug owing to the large number of medications concurrently
administered. The second case presented with DRESS syndrome symptoms
during ocular toxoplasmosis treatment. In this case, a clearer association with
pyrimethamine-sulfadiazine was observed. As a result of the regular prescription
of pharmacological agents associated with DRESS syndrome, ophthalmologists
should be aware of the potentially serious complications of DRESS syndrome.

Keywords: Eosinophilia/chemicallyinduced; Drug eruptions; Syndrome; Drug-related
side effects and adverse reactions/complications; Drug hypersensitivity

RESUMO

Sindrome DRESS (drug reaction with eosinophilia and systemic symptoms) éuma
reacdo adversa a medicamentos rara e potencialmente fatal, associada arash cutdneo,
febre, eosinofiliaelesdo de multiplos érgdos. Algumas drogas podem desencaded-la,
como: alopurinol, anticonvulsivantes, vancomicina, sulfametoxazol-trimetoprim,
sulfadiazina-pirimetamina, entre outras. Descrevemos dois casos que desenvolverem
DRESS sindrome durante tratamento ocular. O primeiro caso apresentou os sintomas
durante tratamento para endoftalmite pds-operatdria tardia com antibiéticos tépicos,
cefalotinae meropenem intravenosos e injecdo intravitrea de vancomicina e ceftazi-
dima; ndo podemos identificar a droga causadora, pois multiplas medicacoes foram
utilizadas. O segundo caso desenvolveu os sintomas durante tratamento cldssico
para toxoplasmose ocular, entdo a associagdo com sulfadiazina-pirimetamina foi
mais clara. Como muitos oftalmologistas prescrevem regularmente drogas que
podem desencadear a sindrome DRESS, esse diagndstico deve ser lembrado jd que
pode levar a sérias complicagées.

Descritores: Fosinofilia/quimicamente inducida; Erupgdo por droga; Sindrome; Efeitos
colateraisereagbes adversas relacionados a medicamentos; Hipersensibilidade adrogas

INTRODUCTION

Drug reaction with eosinophilic and systemic symptoms (DRESS)
syndrome is an adverse drug reaction characterized by generalized
skin rash, enlarged lymph nodes, and fever. Laboratory testing typi-
cally demonstrates eosinophilia, atypical lymphocytes, and multiple
organ injury®. The incidence of DRESS syndrome is reportedly 1 in
1,000-10,000 prescriptions of each causal drug, and symptoms may
appear within 8 weeks after the first use®®. Herein, we report two
cases of DRESS syndrome in patients who developed during ocular
treatment.

Case 1

A 65-year-old man presented with pain, redness, tearing, and
decreased vision in his left eye (OS) for 10 days and fever for 1 day. His
medical history included hypertension, diabetes, and dyslipidemia.
The patient had undergone phacoemulsification with intraocular
lens implantation complicated with posterior capsule rupture in OS
2 months prior to this evaluation. His best corrected visual acuity (VA)
was 20/25 in the right eye (OD) and light perception in OS. Anterior
biomicroscopy was normal in OD. Conjunctival hyperemia 3+/4, a

corneal ulcer with stromal infiltrate, hypopyon, and vitritis 4+/4 were
observed in OS. Fundoscopy was normal in OD and impossible in
OS. The patient was hospitalized, and empirical intravenous (IV)
cephalothin, topical moxifloxacin 0.5%, and atropine 1% in OS were
initiated. Further, intravitreal injection of vancomycin and ceftazidi-
me was performed in OS. Corneal scrap cultures were positive for
Enterobacter aerogenes sensitive to carbapenems. IV meropenem
was added to the antibiotic regimen, and the patient improved after
4 days of treatment.

During hospitalization, he developed severe systemic hyperten-
sion and eosinophilia (1,417 eosinophils per microliter of blood; 15.5%
leukocytes) and a macular rash involving the neck, chest, abdomen,
and arms (Figure 1). Skin biopsy demonstrated urticarial dermati-
tis. Despite treatment, the skin lesions worsened, and the patient
developed fever, tachypnea, tachycardia, hypotension, generalized
tremors, and disorientation. Laboratory testing demonstrated leu-
kopenia, elevated hepatic enzymes, and hyponatremia. He was first
diagnosed as having bacterial sepsis. Treatment was expanded with
IV polymyxin B and vancomycin. However, fever and hypotension
persisted with worsening of skin lesions, reduced urinary output,
increased serum creatinine levels, and eosinophilia. Blood and urine
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cultures were negative. DRESS syndrome was diagnosed, and the
patient i.v. prednisone 1 mg/kg/day was initiated. After 4 days in the
intensive care unit (ICU), the patient was hemodynamically stabilized
with clinical improvement. VA in OS remained light perception due
to the complications of serious endophthalmitis.

Case 2

A 54-year-old woman complained of low VA in OS for 2 days asso-
ciated with sudden onset of ocular pain and a paracentral dark
spot affecting the visual field in OD. The patient had myalgia, fever,
and lymphadenopathy. Medical, family, and ocular histories were
unremarkable. VA was 20/20 in OD and 20/400 in OS. Anterior biomi-
croscopy and intraocular pressures were normal in both eyes. Fun-
doscopy of OD was normal and OS demonstrated vitritis 2+/4+and a
yellowish exudative plaque at the posterior pole affecting the fovea.
Serology test was positive for toxoplasmosis IgM only. Treatment was
initiated with topical prednisolone acetate 1%, topical tropicamide
1%, systemic pyrimethamine 50 mg/day, sulfadiazine 4 mg/day, foli-
nic acid 5 mg/day, and oral prednisone 1 mg/kg/day. Symptoms and
ocular signs improved with treatment.

After T month, the patient developed a macular morbilliform
rash affecting the chest, abdomen, and back (Figure 2). She also de-
veloped eosinophilia and persistent lymphadenopathy. DRESS

Sousa JM, ET AL.

syndrome was diagnosed, and the patient was admitted to ICU and
treated with oral pyrimethamine, folinic acid, azithromycin, and i.v.
prednisolone 1 mg/kg/day.The patient was discharged afterimpro-
vement in systemic symptoms with a VA of 20/50 in OS due to a
chorioretinitis scar adjacent to the fovea.

DISCUSSION

DRESS syndrome is a severe drug reaction that typically develops
between 2 and 8 weeks after drug exposure with symptoms persisting
forlonger than 2 weeks?*. Diagnostic criteria include widespread rash,
fever, and laboratory abnormalities (eosinophilia >1,500/mm? or atypi-
cal lymphocytes)™. Systemic involvement affecting the liver (50%),
kidneys (10%), lungs (10%), heart, pancreas, and others may also be
observed with laboratory testing revealing specific organ damage®®.
Histological examinations of skin biopsy are nonspecific, for DRESS syn-
drome but may be important in ruling out other etiologies®. Differen-
tial diagnoses of DRESS syndrome include infections, Stevens Johnson
syndrome, connective tissue diseases, and hematological diseases*6®.

Several drugs have been reported to cause DRESS syndrome, in®
cluding allopurinol, anticonvulsants (phenobarbital, carbamazepine,
phenytoin, lamotrigine, and sodium valproate), vancomycin, mino-
cycline, trimethoprime-sulfamethoxazole, pyrimethamine-sulfadia-

‘ g‘ e :

Figure 2. Patient with macular morbilliform rash involving the chest (A), abdomen (B), and back (C).
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DRESS SYNDROME IN OPHTHALMIC PATIENTS

zine, proton pump inhibitors, azathioprine, and hydroxychloroquine,
among others®®. Amoxicillin has been variously described either as
a cause or as an aggravating factor of DRESS syndrome®. In our first
case, DRESS syndrome may have been triggered by i.v. cephatotin,
i.v. meropenem, or intravitreal injection of vancomicin or ceftazidime.
As vancomycin is one of the medications most commonly associated
with DRESS syndrome, it is possible that DRESS syndrome was trigge-
red by intravitreal injection of this drug. To our knowledge, there are no
previously reported cases of DRESS syndrome associated with intra-
vitreous injection of antibiotics. In our second case, the association
between DRESS syndrome and sulfadiazine was more evident and
easier to identify. The pathogenesis of DRESS syndrome has yet to be
elucidated; however, a number of authors have reported associations
with specific HLA groups and herpes virus reactivation®>9.

As prospective randomized trials for DRESS syndrome treatment
have yet to be reported, data regarding the management of DRESS
syndrome have exclusively been provided by case and series reports.
Ideally, patients with DRESS syndrome are treated in ICU, causal drugs
must be discontinued, and systemic involvement should be treated
specifically®?. The majority of authors recommend systemic gluco-
corticoid administration (1 mg/kg/d) until the disease is controlled
before slowly tapering the dose®?. Cutaneous rash may persist for
weeks and return if corticosteroids are quickly discontinued or if
there is new exposure to the causative drug. The prognosis of DRESS
syndrome is associated with early recognition and discontinuation of
the offending drug. Due to the severity and multiplicity of systemic
involvement, DRESS syndrome has a high morbidity and mortality
reaching 10%-40%%>. The patient must be informed of the lifetime
contraindication to the use of the causal drug and increased risk of
developing autoimmune diseases (thyroiditis, adrenal insufficiency,
diabetes insipidus, connective tissue disease, or a reaction resem-
bling graft-versus-host disease)®'?,

DRESS syndrome is a rare but potentially fatal complication related
to an adverse reaction to one of several potentially causative medi-

194 Arq Bras Oftalmol. 2016;79(3):192-4

cations. Many of these pharmacological agents are routinely used in
ophthalmic practice, such as trimethoprim-sulfamethoxazole and
vancomycin. Herein, we report two cases of DRESS syndrome associa-
ted with ocular treatment. Thus, ophthalmologists should be aware
of DRESS syndrome and be able to recognize the initial signs of this
condition. Treatment of DRESS syndrome requires hospitalization and
intensive care follow-up.
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CASE REPORT

Keratoacanthoma of the conjunctiva in a young patient

Ceratoacantoma da conjuntiva em um paciente jovem

GokHaN OzGe?, Yusur UysaL!, Osman MeLit Cevran?, ONber OnGURUS, FaTiH MEHMET MuTLu?

ABSTRACT

Keratoacanthomas rarely occur in the conjunctiva. We report a case of a 24-year-old
man with a rapidly growing conjunctival mass. The tumor was excised with a
safety margin to exclude squamous cell carcinoma and was histopathologically
diagnosed as a keratoacanthoma. There has been no recurrence over 2 years of
follow-up.To the best of ourknowledge, heis the youngest patient to be diagnosed
with conjunctival keratoacanthoma who had no known risk factors such as skin
disorders, trauma, surgery, or infection. In similar cases, we recommend complete
early surgical excision and careful follow-up to exclude malignancy.

Keywords: Keratoacanthoma/diagnosis; Keratoacanthoma/surgery; Carcinoma
squamous cell; Diagnosis, differential; Case reports

RESUMO

Ceratoacantoma raramente ocorre na conjuntiva. Nés relatamos o caso de um
homem de 24 anos de idade, com uma massa conjuntival de rdpido crescimento. O
tumor foiretirado com uma margem de sequran¢a para excluir carcinoma de células
escamosas. Elefoidiagnosticado histopatologicamente como sendo ceratoacantoma.
Ndo houve recidiva em dois anos de sequimento. Ele é o paciente mais jovem com
ceratoacantoma conjuntival que ndo tinham fatores de risco conhecidos como doen-
cas de pele a ser descrito. Em casos semelhantes, recomendamos exciséo cirurgica
precoce completo e um acompanhamento cuidadoso para excluir malignidade.

Descritores: Ceratoacantoma/diagnostico,; Ceratoacantoma/cirurgia; Carcinoma
de células escamosas; Diagnéstico diferencial; Relatos de casos

INTRODUCTION

Keratoacanthomas (KAs) are common low-grade tumors that origi-
nate in the pilosebaceous glands of hair follicles™ and are considered
to be a form of squamous cell carcinoma (SCC)™. Pathologists often
label KAs as “well-differentiated squamous cell carcinoma, keratoa-
canthoma variant," because approximately 6% of KAs manifest as SCC
when left untreated®. KAs are characterized by rapid growth over a few
weeks, followed by spontaneous regression over 4-6 months.

KAs are commonly found on sun-exposed areas, such as the face,
neck, and dorsum of the upper extremities®; however, KA of the
conjunctiva is rare. We report here a case of conjunctival KA that was
surgically treated in a young patient.

CASE REPORT

A 23-year-old man presented with a 3-month history of redness,
foreign body sensation, and conjunctival mass that grew rapidly in
his left eye. His visual acuity was 20/20 and fundoscopic exam was
normal in both eyes. In the left eye, a white, nodular mass was noted
on the nasal conjunctiva adjacent to the limbus. The conjunctival
mass was 4 X 5 mm in size, had a hyperkeratotic surface, and was
surrounded by dilated vessels (Figure 1). No palpable lymphadeno-
pathy was observed. The patient had no history of injury, previous
ophthalmic surgery, or human papilloma virus infection, and was
human immunodeficiency virus (HIV) negative.

The lesion was totally excised under local anesthesia, and cryo-
therapy was applied to the surgical margins. Subsequent histopatho-
logic examination under low-power microscopy showed that the

tumoral lesion had overhanging edges and a hemispheric-like shape
without a keratin plug. The lesion was composed of deeply elonga-
ted, enlarged, and merged solid islands of large, pale squamous cells
with little keratinization (Figure 2 A). The squamous cells showed
moderate to marked atypia, and mitotic figures were easily found
(Figure 2 B). Additionally, mild inflammatory cell infiltration was
observed. From these findings, conjunctival KA was diagnosed. The
resected site on the conjunctiva healed well without complications.
No recurrence was detected over 2 years of follow-up.

DiSCUSSION

KAs are commonly found on sun-exposed areas of the skin. The
first case of conjunctival KA was described by Freeman et al, and
only a few cases have been described to date®”. Most of the docu-
mented cases have been found on the temporal bulbar conjunctiva
within the palpebral aperture and adjacent to the limbus. However,
in our patient, the KA formed on the nasal conjunctiva, which was
similar to cases reported by Perdigao et al.” and Chowdhury et al.®.
A male predominance was observed in previously reported cases,
and our patient was also male.

Cutaneous KAs are characterized by an initial period of rapid
growth followed by spontaneous regression, usually within 6 months.
However, the natural history of conjunctival KA is unclear because
of timely resection. In addition, our patient’s symptoms, including
foreign body sensation, redness, and the rapidly growing mass had
been ongoing for 3 months,and early surgery was performed in order
differential diagnose with SCC.
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KERATOACANTHOMA OF THE CONJUNCTIVA IN A YOUNG PATIENT
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Figure 1. White, nodular mass on the nasal conjunctiva adjacent to the
limbus.The mass was 4 x 5 mm in size and surrounded by dilated vessels.

Py

Figure 2. (A) The lesion was composed of deeply elongated, enlarged, and merged solid
islands of large, pale squamous cells (hematoxylin-eosin x100). (B) The squamous cells
showed moderate to marked atypia and frequent mitosis (hematoxylin-eosin x200).

Conjunctival SCC is more common in elderly patients, but may
occur earlier in patients with xeroderma pigmentosum or acquired
immune deficiency syndrome (AIDS)®. Differentiation between SCC
and KA can be challenging. KAs can easily be mistaken for SCC as
their clinical presentation and histopathologic findings are very simi-
lar. Some authors regard KAs as a variant of SCC. Grossniklaus et al.
reported cases of conjunctival KA with invasive features?, describing
a case with a rapidly growing limbal lesion that was excised after
3 weeks with histological evidence of invasion. Subsequent rapid
recurrence was observed in their patient, with intraocular invasion
requiring enucleation, and surgical removal was justified to prevent
possible eventual malignancy, as well as the difficulty of clinically diffe-
rentiating this lesion from SCC. In our patient, we excised the lesion
surgically with cryotherapy application to the limbus and conjunc-
tival margins. As mentioned earlier, it may be difficult to histopatho-

196 Arq Bras Oftalmol. 2016;79(3):195-6

logically differentiate KA from SCC, particularly when lesions are in-
completely excised. KAs are hemispheric-like, symmetric lesions with
both exophytic and endophytic growth. They usually present with a
keratin-filled central crater with overhanging epidermal edges and
are composed of keratinocyte proliferations with large glassy, eosi-
nophilic cytoplasm. The keratinocytes in KA show mild-to-moderate
nuclear atypia. Mild-to-moderate inflammatory infiltrate at the base
of the lesion may be present. SCC shows invasion of the dermis or
subepithelial tissue, with irregular islands of squamous cells. Although
keratinized and squamous pearls are abundant in well-differentiated
SCC, they are absent in poorly differentiated tumors. Dermal/sube-
pithelial inflammatory infiltrate may be observed. Histopathologic
examination showing overhanging edges and a hemispheric-like
lesion with marked atypical squamous cells suggest KA. The rapid
growth of the lesion in our young patient also supports this diagnosis.
Normal conjunctival epithelium was observed at the resected edges.

In literature, KA is typically reported in middle-aged and elderly
patients, except for a 17-year-old patient with xeroderma pigmento-
sum, which was probably responsible for the younger age of onset®.
However, we report a 23-year-old patient who had no history of trau-
ma, surgery, infection, or skin disorders.To the best of our knowledge,
he is the youngest patient to be reported with KA who had no risk
factors for the disease.

In conclusion, both KA and SCC are possible in young patients,
and we recommend early excision of suspected conjunctival KA for
differential diagnosis with SCC. Careful follow-up is important for all
patients with conjunctival KA after complete excision.
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CASE REPORT

Enhanced depth imaging optical coherence tomography of choroidal osteoma with
secondary neovascular membranes: report of two cases

Tomografia de coeréncia optica com imagem profunda aprimorada de osteoma de coroide com

membrana neovascular secunddria: relato de 2 casos

PatriciA CorreA DE MELLO!, PATRICIA BERENSZTEIN?, OSWALDO FERREIRA MOURA BRASIL?

ABSTRACT

We report enhanced depth imaging optical coherence tomography (EDI-OCT)
features based on clinical and imaging data from two newly diagnosed cases
of choroidal osteoma presenting with recent visual loss secondary to choroidal
neovascular membranes. The features described in the two cases, compression
of the choriocapillaris and disorganization of the medium and large vessel layers,
are consistent with those of previous reports. We noticed a sponge-like pattern
previously reported, butit was subtle. Both lesions had multiple intralesional layers
and a typical intrinsic transparency with visibility of the sclerochoroidal junction.

Keywords: Osteoma; Tomography, optical coherence; Choroidal neovasculariza-
tion; Choroid neoplasms

RESUMO

Relatamos as caracteristicas na tomografia computadorizada optica (EDI-OCT) de 2
pacientes recém diagnosticados com osteoma de coroide apresentando perda visual
secunddria a membranas neovasculares coroideanas. As caracteristicas descritas em
nossos 2 casos foram consistentes com trabalhos anteriores, exibindo a compressdo
da coriocapilar e desorganizagdo das camadas médias e de grandes vasos. Notamos
também o padrédo em esponja anteriormente descrito, porém de formadiscreta. Ambas
as lesées tinham vdrias camadas intralesionais e uma transparéncia intrinseca tipica
com visibilidade da jun¢édo da esclero-coroideana.

Descritores: Osteoma, Tomografia de coeréncia optica; Neovascularizagdo de coroide;
Neoplasias da coroide

INTRODUCTION

Optical coherence tomography (OCT) plays an instrumental role in
the diagnosis and follow-up of several retinal and choroidal diseases
such as macular degeneration, vascular occlusion, and inflammation.
Recently, OCT studies of intraocular tumors evaluated the intrinsic
optical characteristics of choroidal tumors imaged using enhanced
depth imaging OCT (EDI-OCT)™.

Among body structures, the choroid has one of the highest me-
tabolic rates and supplies oxygen to the photoreceptor layer of the
retina, which is also a highly metabolic structure®. However, the
choroid is one of the most difficult structures to image in vivo becau-
se pigments in the retinal pigment epithelium (RPE) and choroid
impede image capturing.

EDI-OCT provides a more detailed view than spectral-domain
OCT (SD-OCT) of deep anatomic structures®. The current axial reso-
lution with EDI-OCT is approximately 3.9 micra®”. Recently, several
papers have been published describing the aspects of choroidal
tumors revealed with this new technology“®. With this technology,
various choroidal tumors can be imaged and measured. Using EDI-OCT,
choroidal nevi and melanomas show a smooth, dome-shaped surfa-
ce, whereas choroidal metastases display a “lumpy-bumpy,”irregular
surface topography and choroidal hemangiomas present a smooth,
acutely dome-shaped surface; choroidal lymphomas show a “placid,’
rippled, or “seasick” surface®.

Choroidal osteomas are rare, benign, and usually unilateral intrao-
cular tumors composed of mature bone affecting the choroid. These

tumors can be asymptomatic or can produce visual loss because of
choroidal neovascularization (CNV) or tumor decalcification, presence
of subretinal fluid, and photoreceptor atrophy".

CNVis animportant cause of vision loss in patients with choroidal
osteoma and is reported to occur in 31% of affected eyes by 10 years
after the diagnosis®.

In this study, we evaluated the EDI-OCT features of two cases of
choroidal osteoma with neovascular membranes.

CASE REPORTS
Case 1

A 24-year-old Caucasian male experienced a sudden vision lossin
his left eye. His best corrected visual acuity was 20/20 in the right eye
and 20/40 in the left eye. His anterior segment examination was nor-
mal. The fundus examination revealed a choroidal osteoma involving
the macular area and upper temporal vascular arcade with subretinal
hemorrhage and subretinal fluid in the fovea (Figure 1).

Case 2

A 26-year-old Caucasian female experienced a sudden vision loss
in her left eye. Her best corrected visual acuity was 20/20 in the right
eye and 20/40 in the left eye. Her anterior segment examination was
unremarkable. The fundus examination revealed a choroidal osteoma
involving the entire macular area with subretinal hemorrhage and
subretinal fluid in the fovea (Figure 2).
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ENHANCED DEPTH IMAGING OPTICAL COHERENCE TOMOGRAPHY OF CHOROIDAL OSTEOMA WITH SECONDARY NEOVASCULAR MEMBRANES:

REPORT OF TWO CASES

Both patients were evaluated with SD-OCT including EDI-OCT
using Cirrus Carl Zeiss OCT, fluorescein angiography, and ultrasono-

graphy.

DISCUSSION

In both cases, the lesion had a yellow-white coloration with fin-
ger-like projections and pigmentary changes in the overlying RPE. The
lesions were minimally elevated (<1.2 mm) and hyperreflective on
ultrasonography, and both cases showed small areas of decalcification.
Fluorescein angiography showed early patchy hyperfluorescence and
late staining, and the choroidal neovascular membranes were found
in the decalcified areas in both cases. We observed an angiographic
leakage in the area of the membrane. On SD-OCT, the neovascular
membrane was superior to the fovea and nasal to the fovea in cases
1 and 2, respectively; both cases had the presence of subretinal fluid.

On analyzing the EDI-OCT images (Figures 3 and 4), both cases
had normal inner retinal features, and the outer retina showed inte-

Figure 1. Color photograph of a choroidal osteoma with associated cho-
roidal neovascularization. The neovascularization lies in the center of the
lesion, and a subretinal hemorrhage is nasally and inferiorly noted.

Figure 2. Color photograph of a choroidal osteoma with associated choroidal
neovascularization. The neovascularization is located on the papillomacular
bundle, and small spots of subretinal hemorrhage are noticed around it.
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Figure 3.Enhanced depthimaging optical coherencetomography (EDI-OCT)
images from case 1 affected by a choroidal osteoma with neovascular
membrane. A multilayer configuration with a discrete sponge-like pattern
was observed.The sclerochoroidal junction was detected, but we could not
see it in all parts under the tumor because CNV had a fibrotic component
that obscured the posterior part of the membrane. The choroidal thickness
was 976 micra at the parafoveal area.

Figure 4. EDI-OCT images from case 2 affected by a choroidal osteoma with
neovascular membrane. A multilayer configuration with a discrete sponge-like
pattern was observed.The sclerochoroidal junction was detected in all parts
ofthetumorrevealingatypicalintrinsictransparency.The choroidal thickness
was 592 micra at the foveal area.



grity of the photoreceptor layer in calcified areas and disruption in
decalcified areas, similar to what was previously reported in 2007%.
The choriocapillaris was thinned in both cases. Medium-caliber vessels
(Sattler’s layer) showed thinning and no visibility in both cases, whereas
large-caliber vessels (Haller's layer) appeared as thinned rims of ves-
sels between the tumor and sclerochoroidal junction, as was recently
reported®. This finding is supported by histopathologic evidence
from previous reports'®.

EDI-OCT of the osteoma revealed a typical reflectivity pattern in
both cases with the presence of hyperreflective horizontal lamellar
lines, which were described in other reports®®. These characteristics
could represent varying degrees of calcification within the tumor
because of the different phases of bone tissue formation. We noticed
multiple hyperreflective dots scattered in the hyporeflective matrix
creating a sponge-like appearance as previously reported®, but they
were very subtle, especially under the CNV area. The sclerochoroidal
junction was detected in both cases; however, in case 1, we were
unable to detect it in all parts under the tumor because CNV had
a fibrotic component that produced shadowing posterior to the
membrane. The choroidal thickness was 976 micra in case 1 and 592
micra in case 2.

The features described in the two cases mentioned above, com-
pression of the choriocapillaris and disorganization of the medium
and large vessel layers, are consistent with those of previous reports“®.
We noticed the sponge-like pattern previously reported“®, but it was
subtle. Both lesions had multiple intralesional layers and a typical
intrinsic transparency with visibility of the sclerochoroidal junction,
except in the area where CNV had a fibrotic component.

MEeLro PC, ET AL.

In agreement with the findings of other authors®, we showed
that EDI-OCT is a new and important tool in the differential diagnoses
of amelanotic lesions. Our findings highlight how EDI-OCT may be
helpful in studying CNVs secondary to choroidal osteomas.
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CASE REPORT

Silent polypoidal choroidal vasculopathy in a patient with angioid streaks

Vasculopatia polipoidal de cordide quiescente em um paciente com estrias angioides

Zarer Cesecl?, SerIFE BayraktarR!, MERIH OraY!, NUR KIr?

ABSTRACT

We present a case of silent polypoidal choroidal vasculopathy (PCV) in a patient
with angioid streaks. PCV was detected during a routine ophthalmic examination
and confirmed by fluorescein angiography, indocyanine green angiography, and
optical coherence tomography. After 2 years of follow-up, the PCV remained silent
without any complications. We report this rare coexistence and review literature
on this topic.

Keywords: Polyps; Choroid; Choroidal neovascularization; Fluorescein angiogra-
phy; Indocyanine green; Retinal pigment epithelium; Tomography, optical cohe-
rence; Vascular endothelial growth factor A; Angioid streaks

RESUMO

NGs apresentamos um relato de vasculopatia polipoidal de coroide (PCV) em pacien-
te com estrias angidides. Vasculopatia polipoidal de coroide detectada em exame
oftalmoldgico de rotina e confirmado por angiofluoresceinografia, angiografia com
indocianina verde e tomografia de coeréncia dptica. Apos 2 anos de sequimento a
vasculopatia polipoidal de coroide permaneceu quiescente, sem qualquer complicagdo.
NGs relatamos esta coexisténcia rara e apresentamos revisdo da literatura.

Descritores: Pélipos; Coroide; Neovascularizagdo de coroide; Angiofluoresceinografia;
Verde de indocianina, Epitélio pigmentado da retina; Tomografia de coeréncia ptica;
Fator A de crescimento do endotélio vascular, Estrias angidides

INTRODUCTION

Polypoidal choroidal vasculopathy (PCV) is a disorder that is
characterized by dilatation of the choroidal vessels. This disorder was
initially reported as idiopathic PCV in 1990". Angioid streaks (AS)
are breaks in the Bruch’'s membrane that result in irregular radial or
concentric lines around the optic disc; these are mostly associated
with pseudoxanthoma elasticum (PXE)®. In literature, PCV and AS are
rarely described in the same patient®®, and visual impairment usually
occurs because of complications, such as choroidal neovasculariza-
tion (CNV) during the natural course of both diseases®®. Visual acuity
can remain unaffected if hemorrhage, subretinal or intraretinal exu-
dation, or pigment epithelial detachments do not develop. Herein we
present a case of silent PCV in a patient with AS.

CASE REPORT

A 26-year-old woman was admitted to our clinic for routine
ophthalmic examination. Her past ocular and medical histories were
unremarkable. At presentation, visual acuities were 20/20 for both
eyes, and anterior segment findings for both eyes were normal.
Fundoscopy disclosed AS radiating from the optic disc and bilateral
changesin the retinal pigment epithelium (RPE) that were evident on
the nasal side of the fovea of the right eye (Figure 1 A, B). Optical co-
herence tomography (OCT) showed a steep, dome-shaped RPE ele-
vation with moderate hyperreflectivity beneath the RPE (Figure 1 C).
Due to the suspicion of PCV, we performed fluorescein angiography
(FA) and indocyanine green angiography (ICGA). FA demonstrated
irregular hyperfluorescence around the optic disc associated with AS
in both eyes and increasing hyperfluorescent foci in the nasal side of
the fovea of the right eye (Figure 1 D). ICGA showed a focal area of

hyperfluorescence surrounded by a hypofluorescent halo in the right
macula (Figure 1 E). Neovascularization was excluded by the imaging
modalities, and no associated systemic conditions related to AS were
found on consultation.

With these findings, we diagnosed the patient with AS in both
eyes and PCVin the right eye. Because she had no symptoms and no
intraretinal or subretinal fluid was seen on imaging (Figure 1 F), our
initial plan was to monitor the patient. The PCV remained silent with
no leakage, and no decrease in vision was seen during the 2 years
of follow-up.

DISCUSSION

PCV is a localized enlargement of the choroidal vasculature that
forms polyps and originates from the inner choroid™. Hyalinization
of vessels as well as plasma and/or fibrin exudation are the histo-
pathological features of PCV®. Serous or hemorrhagic pigment
epithelial detachments, subretinal hemorrhages, and exudation are
the common signs of PCV, and these secondary complications cause
visual disturbances®. If the patient has no symptoms and there are
no ophthalmoscopic signs, imaging modalities, especially ICGA, can
assist physicians in diagnosing the lesion.

PCV has been shown to be associated with pathologies such as
tilted disc, high myopia, retinitis pigmentosa, central serous chorio-
retinopathy, and AS".

Few cases with coexistence of AS and PCV have been reported
in literature®®. PCV has been detected at initial examination in some
of the cases in literature, and some have developed PCV as observed
during the follow-up of CNV due to AS®?. The first reported case was
initially treated for CNV as a complication of AS in both eyes, and the
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Figure 1. A) Color fundus photography of the right eye demonstrated radial and cir-
cumferential angioid streaks (AS) around the optic disc as well as pigment epithelial
changes at the nasal side of the fovea. B) Color fundus photography of the left eye
showed AS around the optic disc. C) Optical cohorence tomography (OCT) scan
through the retinal pigment epithelium (RPE) changes in the right macula at the initial
visit demonstrated sharply elevated RPE with moderate hyperreflectivity under it. D)
Fluorescein angiography showed dye leakage nasal to the macula in the right fundus.
E) Indocyanine green angiography showed a foci of hyperfluorescence surrounded by
a hypofluorescent halo in the right macula. F) OCT scan of the same area after 2 years
of follow-up showed a polypoidal lesion.

patient developed PCVtemporally to the macula and in the nasal side
of the fovea of the right eye during the follow-up period®.

In a series of 44 cases with AS, PCV was found in six eyes of five
patients”. PCV was identified in two eyes at initial examination, and
polypoidal lesions were detected on follow-up visits in four eyes. A pa-
tient who was initially diagnosed with PCV developed CNV during the
follow-up and was treated with intravitreal SF, injection, photodyna-
mic therapy, and intravitreal anti-VEGF injection. PCV was identified
at the edge of type 2 CNV in two eyes during the follow-up visits. As

CEBECI Z, ET AL.

the lesions were far away from the fovea, they did not require any
treatment, which suggests that vascular anomalies causing PCV can
be initially detected in patients with AS. Further, some patients may
have a predisposition for developing polypoidal lesions.

A 59-year-old male patient with a history of PXE and CNV due to
AS developed PCV 1 year after the diagnosis of neovascularization;
the patient had already undergone nine intravitreal anti-VEGF injec-
tions for CNV®.,

AS is usually related to a systemic condition, with PXE being the
most common. Smooth muscle cells play a role in the systemic pa-
thological changes of PXE19. Abnormalities in the smooth muscle
cells of the choroidal vascular structure lead to dilatations that form
PCV, and these two entities can show similarities in their pathogene-
sis®. Moreover, alterations of Bruch's membrane, which simplify the
development of CNV in patients with AS, may also facilitate compli-
cations due to polyps. It is also important to keep in mind that there
were no associated systemic diseases in the present case, but the
patient is still young and there is a possibility that she may develop
systemic findings in future. The reported PCV cases in patients with
AS have been diagnosed at older ages®®. In addition to the pathology
of Bruch’s membrane in AS, which usually progresses over many years,
aging may contribute to the impairment of Bruch's membrane; the-
refore, complications may easily occur.

PCV lesions can stay silent and do not affect visual acuity if there
are no signs of leakage or hemorrhage from the polypoidal lesions®.
Our patient did not report visual loss, and her PCV was diagnosed
incidentally. Ophthalmoscopic examination and imaging modalities
confirmed the diagnosis of PCY, and she did not develop any com-
plications during the 2 years of follow-up.

In conclusion, patients with AS should be followed-up not only
for the development of CNV but should also be followed-up routinely
for polypoidal lesions. Vision-threatening complications can occur
during the natural course of PCV, and imaging techniques such as
ICGA and OCT are the most important tools for the diagnosis of this
rare association.
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REVIEW ARTICLE

Update and review of Urrets-Zavalia syndrome

Atualizando e revisando a sindrome de Urrets-Zavalia

Otavio A. MacaLHAEs!, CLaupia L. KronBAUER!, EDUARDO G. MULLER?, CARINA T. SANVICENTE?

ABSTRACT

For more than half a century, Urrets-Zavalia syndrome (fixed dilated pupil) has
been described as a postoperative complication of ophthalmic surgery. Since first
reported as a complication of penetrating keratoplasty for keratoconus in patients
receiving atropine, the characteristic features of Urrets-Zavalia syndrome have been
expanded. In previous literature, a total of 110 cases resulted in a fixed and dilated
pupil. Increased intraocular pressure (IOP) in the immediate postoperative period,
phakia, and air or gas in the anterior chamber appear to be the most important risk
factors for Urrets-Zavalia syndrome following ophthalmic procedures. Mannitol, IOP
control, the removal of air or gas in the anterior chamber, and iridectomy have all
demonstrated utility in managing Urrets-Zavalia syndrome.

Keywords: Pupil anatomy and physiology; Pupil disorder prevention and control;
Intraocular pressure; Risk factors

RESUMO

Por mais de meio século, a sindrome de Urrets-Zavalia (pupila fixa e dilatada) foi
descritacomo uma complicag¢do pds-operatdriaem oftalmologia. Desde o primeiro
relato apds ceratoplastia penetrante em pacientes portadores de ceratocone em
uso de atropina, seu conceito foi ampliado. Na literatura, um total de 110 casos
resultaram em pupila fixa e dilatada. Aumento da pressdo intraocular (PIO) no
pds-operatdrio imediato, facia, ar ou gds na camara anterior parecem ser fatores
de risco importantes para o aparecimento da sindrome. Sua preven¢do pode ser
alcan¢ada com o uso de manitol, controle adequado da PIO e quantidade de ar ou
gds na camdra anterior e iridectomia.

Descritores: Pupila/anatomia & fisiologia, Disttrbios pupilares/preven¢do & controle;
Pressdo intraocular; Fatores de risco

INTRODUCTION

Urrets-Zavalia syndrome (UZS; fixed dilated pupil) was first recogni-
zed by Castroviejo and published in 1963 by Alberto Urrets-Zavalia
Jr, who described six cases of atrophic and mydriatic pupil associa-
ted with secondary glaucoma following penetrating keratoplasty
(PK) in patients with keratoconus?. Other findings of UZS were
subsequently reported, including peripheral synechiae, posterior
subcapsular opacity, iris ectropion, pigmentary dispersion, and glau-
komflecken® 1.

Other procedures shown to be associated with UZS include trabe-
culectomy (TREQ)®, deep anterior lamellar keratoplasty (DALK)>'),
Descemet-strippingautomatedendothelialkeratoplasty (DSAEK)!¢19),
cataract surgery"'?, goniotomy®?, phakic intraocular lens implant
(I0L)223), argon laser peripheral iridoplasty (ALPI)?, and octafluoro-
propane injection (C3F8)@¥.

Although the reported incidence of UZS is low, the associated vi-
sual symptoms can cause limitations in activities of daily life requiring
preventative measures by ophthalmic surgeons”'?. The purpose of
the present review is to identify all reported cases of UZS published
prior to December, 2014 in Medline and EMBASE databases, highlight
the most prevalent risk factors, and describe measures for the preven-
tion of Urrets-Zavalia syndrome.

RISK FACTORS AND PATHOGENESIS

There are numerous and conflicting risk factors of the development
of UZS. Neurogenic changes, inflammatory response, genetic predis-

position, and direct iris trauma have all been posited to contribute
to the pathophysiology of UZS7#1929, Early reports indicated the use
of atropine in PK as associated with such complications™. Kerato-
conus was also suggested to be involved in the pathogenesis of UZS
as a result of decreased corneal rigidity and enhanced response to
mydriatics®?. Intraocular pressure (IOP) elevation, with or without
pupillary block, has been implicated as the trigger mechanism of
UzS“27, Use of viscoelastic substances during surgery have been
suspected as toxic to the iris sphincter and a cause of acute rises in
IOP1%1D The use of miotics before and during surgery has been con-
sidered prophylactic by some authors and a risk factor of pupillary
atrophy by others®10.18.25.28)

Urrets-Zavalia posited that iris compression against the peripheral
cornea under the effect of intense mydriasis without compromising
the ciliary body and pars plana was the most important factor related
tothe development of UZS""”). Severe iris ischemia was later reported
in several angiography studies*®?". The UZS spectrum comprises
anterior segment changes ranging from focal pupillary atrophy with
posterior pigment layer injury and no stromal involvement to diffuse
or sector atrophy, including the iris stroma®®?. |schemic events are
not thought to contribute to focal cases and pupillary dilation is
considered less intense (6 mm or less). Focal cases of UZS typically
respond partially or totally to miotics, which may allow regression of
mydriasis. A study on combination therapy with guanethidine and
pilocarpine has demonstrated its efficacy and associated miosis in
patients with this type of atrophy?®. Conversely, stromal ischemic
injury has been reported to be irreversible, promote intense mydriasis
(more than 6 mm), and not respond to miotics (Figure 1)1,
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LITERATURE REVIEW

More than 30 studies have been published since the first des-
cription of UZS, comprising a total of 110 reported cases!#22%42,
The mean age of the patients in reported cases was 46.1 years (range:
13-90). Reported surgical interventions include PK (51.8%), DALK
(18.1%), DSAEK (8.2%), cataract surgery (8.2%), ALPI (8.2%), phakic
IOL implantation (2.7%), TREC (1.9%), goniotomy (0.9%), and anterior
chamber injection of C3F8 for the treatment of acute hydrops (0.9%).
Diagnoses associated with these interventions include keratoconus
(45.2%), stromal dystrophies (23.7%), Fuchs'dystrophy (9.4%), plateau
iris syndrome (8.5%), senile cataract (8.5%), primary open-angle glau-
coma (1.9%), high myopia (1.9%), and congenital glaucoma (0.9%).
Individuals affected by bilateral UZS had the same type of ophthalmic
procedure on different occasions, corresponding to 8.2% of all pa-
tients. The use of mydriatic drops during or after surgical intervention
has been reported in only 26% of cases, including the first description
of UZS. Viscoelastic was injected to completely maintain the ante-
rior chamber in 44.5% of all surgical procedures. Increased IOP was
observed in 59.1% of patients during the first postoperative day and
approximately half of these patients (26.7%) had maintained elevated
IOP measures during the following days. Only 13.1% of patients with
UZS were pseudophakic. Injection of air or C3F8 was performed in
27.3% of cases, particularly in cases of lamellar keratoplasty (89.6%
of DALK and DSAEK). The use of miotics (pilocarpine or acetylcho-
line) was described in 40.9% of patients during the preoperative or
intraoperative periods, with 27.3% of patients not receiving any type
miotic therapy. There was no reference to the use or not of miotics
in 31.8% of the patients.

DISCUSSION

Many retrospective studies and case and series reports of UZS
have been published over the past few decades. UZS reportedly has
no predilection for age and has been observed as a postoperative
response in both young and elderly patients. We believe that the
majority of cases of UZS are related to PK, as this has been the pre-
dominant technique during the last century®. In the 1970s, lamellar
keratoplasty was used in less than 5% of all transplants“. With the
increasing recognition of lamellar techniques and the use of artificial
anterior chambers, reports of UZS increased in subsequent decades.
The majority of UZS cases were reported in patients with kerato-
conus, following the same prevalence pattern as other conditions
when considering all uneventful corneal transplantations®. In a
retrospective study that analyzed more than 2,000 patients with PK,
the incidence of UZS was higher in patients with macular dystrophy
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ADDTS0  :1.410 mm
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Scleral spur angle: BA5*

&
]
*

Figure 1. Anterior segment optical coherence tomography (Visante®; Carl Zeiss Medi-
tec, Dublin, CA) demonstrating diffuse fixed dilated pupil after DALK with air bubble.
A wide open-angle is observed.
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than in patients with keratoconus?”. We believe that patients with
keratoconus are not at increased risk of UZS, as stated in previous
studies®. Increased IOP during and immediately after presentation
of UZS has been verified in the majority of reported cases; however,
the maintenance of ocular hypertension was not clearly demonstra-
ted in these cases®¥. This pattern has previously been suggested by
some authors®?. However, the causal relationship between increased
IOP and iris ischemia remains unclear. Progression to secondary glau-
coma is reportedly observed in approximately one quarter of cases
and should not be considered a definitive characteristic of UZS?. A
retrospective study demonstrated a statistically significant increase
in IOP within the first 24 h after surgery in patients undergoing PK for
keratoconus®. Mydriatic instillation during and after the procedure
was reportedly performed in a quarter of patients, including the cases
originally described by Urrets-Zavalia. Our observations, in corrobora-
tion with those of other authors, indicate atropine does not increase
the risk of UZS development®244) In fact, it is questionable whether
the use of these measures prevents iris injury/.

The mechanisms underlying pupillary block remain controversial.
It was believed that acute angle closure was required to initiate the
pupil atrophy process®'>* Recently, several cases have been des-
cribed with the absence of pupillary block40. We observed that
angle closure was not present in the majority of patients with UZS.
The proposed mechanism for iris ischemia in lamellar transplantation
is compression against the lens as a result of the injection of large
amounts of air or gas into the anterior chamber (Figure 2).

The vast majority of UZS cases are observed in phakic patients.
This may explain the limited number of reported cases of UZS in
patients undergoing cataract extraction. Protective measures against
UZS have also been described, such as iridectomy and intravenous
hyperosmotics®?”. The use of 20% mannitol has been reported to
decrease the incidence of UZS from 4% to 1.5%““. Hyperosmotic
agents have demonstrated efficacy in decreasing vitreous volume and
subsequently attenuating iris compression due to the lens. Ensuring
anterior chamber formation as soon as possible during surgery may
also prevent iris strangulation®. Prophylactic iridectomy or YAG
laser iridotomy a few days prior to surgical intervention appear to
have efficacy in decreasing risk of pupillary block®>4. However, this
practice remains controversial, and some authors have reported

Figure 2. Voluminous air bubble in the anterior chamber compressing the
iris against the lens.
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that these therapies provide no benefit™, Careful management of
surgical equipment, such as trephines and scissors, may also prevent
iris damage®. There are currently no specific treatments for diffuse
pupillary atrophy. Corneal tattooing, specialty contact lenses, and
artificial iris implants are options for glare reduction and appearance
improvement. In focal atrophy, miotics such as guanethidine and
pilocarpine have demonstrated efficacy in treating UZS and attenua-
ting mydriasis®?®.

Direct neuronal injury may also be involved in the development
of pupillary atrophy. Patients undergoing ALPI may be at risk of
damage to the radial parasympathetic fibers of the pupillary cons-
trictor muscle, explaining the observed cases of UZSY. Likewise, the
observation of UZS in both eyes of some patients may indicate a
genetic predisposition of the iris sphincter to ischemia in selected
corneal pathologies®. Some authors have attributed the persistence
of viscoelastics in the anterior chamber to IOP elevation and UZS.
Intraoperative use of viscoelastics was performed in less than half
of patients in previous reports. However, the use of viscoelastics is
unlikely to be associated with UZS because their use is extremely
widespread in cataract extraction surgery and significant pupillary
atrophy is not observed following these procedures®”. Despite a lack
of data in almost a third of previously reported cases, the use of preo-
perative and intraoperative miotics was observed in the majority of
cases, indicating that these drugs may not prevent irreversible pupil
dilation®® | ast year, a major review did not address the importance
of phakia and the use of miotics in UZS®2.

CONCLUSION

Patient undergoing keratoplasty for the treatment of any corneal
pathology, mainly phakic, with increased IOP in the immediate pos-
toperative period and with air or gas left in the anterior chamber are
at increased risk of UZS. We believe that the use of viscoelastic or
mydriatic substances during or after surgery is not associated with
risk of UZS. Pilocarpine and acetylcholine have not demonstrated
efficacy in preventing UZS. However, intravenous use of mannitol,
IOP control in the immediate postoperative period, and avoidance of
massive air or gas injection into the anterior chamber may decrease
the incidence of UZS. Iridectomy may be indicated in selected cases,
such as patients with increased vitreous pressure, shallow anterior
chambers, or the presence of voluminous air or gas in the anterior
segment.
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