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Anterior Segment Changes in Phakic Eyes After Pars Plana
Vitrectomy with Silicone QOil or Gas Tamponade

Pars Plana Vitrektomide Silikon Yagi ve Gaz Tamponat Kullanilmis Gozlerde
On Segment Degisimi

Erkan UNSAL FICO', Ilkay Kilig MUFTUOGLU?, Kadir ELTUTAR'
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Amag: Vitreus hemorajisi, yirtikli retina dekolmani, proliferatif diabetik retinopati gibi degisik vitreoretinal patolojilerde 23 Gauge
pars plana vitrektomi yapilan fakik olgularda ultrasonik biyomikroskop kullanarak 6n segment morfolojik degisimini degerlendirmek
amaglanmustir.

Gerec ve Yontem: Hastalar internal tamponat kullanimina gére; Grup 1 (Silikon yagi, n=21) ve Grup 2 (C3F8, n=20) olarak 2 gruba
ayrildi. On segment parametrelerinden lens kalmligi (LK), én kamera derinligi (OKD), trabekiiler ag-iris agis1 (TTA), sklera kalinlig
(SK), siliyer cisim kalinlig1 (SCK), trabekiiler meshvork-siliyer proges mesafesi (T-SPM), iris-siliyer proges mesafesi (I-SPM) ameliyat
oncesi ve postoperatif 1. haftada degerlendirildi.

Bulgular: Grup 2°de; ortalama OKD, TIA, SCK, T-SPM ve I-SPM ameliyat ncesine gére sonrasi énemli derecede azalma gosterirken,
Grup 1’de dnemli derecede degisiklik gdzlenmedi. Grup 1’de ortalama LK ve SK operasyon dncesine gore anlamli artig gosterirken,
Grup 2’°de anlamli artig saptanmadi.

Sonuc¢: Gaz tamponatlar supin pozisyonda, 6n segment yapilarinda 6nemli derecede degisiklige sebep olabilirler.

Anahtar Kelimeler: Ultrasonik biyomikroskop (UBM), vitrektomi, fakik géz, 6n segment, siliyer cisim.

ABSTRACT

Purpose: To evaluate the morphological changes on the anterior segment using ultrasonic biomicroscopy imaging (UBM) in phakic
patients who underwent 23 Gauge pars plana vitrectomy (PPV) for variety of vitreoretinal pathologies including vitreous hemorrhage,
rhegmatogenous retinal detachment, proliferative diabetic retinopathy with either silicone oil or gas (C3F8) tamponade.

Methods: Patients were divided into 2 groups based on the internal tamponade used: group 1 (silicone oil, n=21), group 2 (C3F8, n=20).
Several anterior segment variables including lens thickness, scleral thickness (ST), anterior chamber depth (ACD), trabecular mesh-
work-iris angle (TIA), ciliary body thickness (CBT), trabecular meshwork-ciliary process distance (T-CPD), and iris-ciliary process
distance (I-CPD) were assessed before the surgery and at post-operative week 1.

Results: Mean ACD, TIA, CBT, T-CPD, and I-CPD were significantly decreased in group 2 compared to baseline; whereas there was no
significant change in these parameters in group 1 after the surgery. Mean LT and ST were significantly increased in group 1 compared
to baseline and there was no significant change in these parameters in group 2 after the surgery.

Conclusion: Gas tamponade may cause significant morphological changes in the anterior segment structures in the supine position.

Key Words: Ultrasound biomicroscopy (UBM), vitrectomy, phakic eye, anterior segment, ciliary body.
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INTRODUCTION

The ultrasonic biomicroscopy imaging (UBM) first became
available in the early 1990s, since then, it has been used for
imaging and evaluation of the anterior segment structures
and anterior chamber angle.! This method uses high-frequ-
ency ultrasound to produce images with a tissue penetration
of approximately 5 mm at lateral and axial resolution, appro-
aching 50 microns and 25 microns of resolution. It enables
not only the evaluation of anterior segment structures both
quantitatively and qualitatively, but also the recognition of
the pathologies of the structures located in the posterior seg-
ment, such as the peripheral retina and ciliary body.>

Ultrasound biomicroscopy is an easy imaging technique
with a lower cost compared to other imaging techniques
such as optical coherence tomography (OCT), it also enhan-
ces the visualization of the peripheral retina, pars plana and
the vitreous base that may not be seen even by indirect opht-
halmoscopy.* Although OCT has become a routine imaging
technique for most of the retina specialists, UBM has the
advantage of acquiring cross-sectional images of the ciliary
body, lens zonules, and anterior choroid without dilation of
the pupils over OCT. By using UBM, it it also possible
to detect the complications that occur following pars plana
vitrectomy (PPV)®!* such as shallowing or narrowing of the
anterior chamber,*® and ciliary body detachment leading hy-
potonia or glaucoma.

Although there have been some concerns regarding the re-
peatability of measurements, accuracy, and precision of the
acquiring images with UBM,'*!> several publications have
reported high intra-observer reproducibility with a poor in-
ter-observer reproducibility.'*'® The main reason for this va-
riability is the quality of the received image. The differences
in the selection of the frame to be measured and detection of
the location of the scleral spur are the possible causes of low
intra-observer reproducibility.

In this study, we aim to show the changes on the anterior
segment morphology by UBM during early postoperative
period of patients who had PPV with either silicone oil or
gas (C3F8) injection for various vitreoretinal pathology.

METHODS

Forty-five eyes of 45 phakic patients that underwent 23 Ga-
uge pars plana vitrectomy for the various of retina diseases
between October 2012 and March 2015 at the Ophthalmo-
logy Department of the Istanbul Training Research Hospital
were evaluated for this prospective study.

The study was conducted in accordance with the tenets of
the World Medical Association’s Declaration of Helsinki.
Approval of the study protocol was obtained from the Ethics
Committee of the Istanbul Education and Research Hospi-
tal. All patients included in the study were informed about

the details of the surgical procedure and signed an informed
consent form.

One or two days before the surgery, all eyes had a complete
ophthalmologic examination including best corrected visual
acuity, slit-lamp biomicroscopy, intraocular pressure mea-
surement (Goldmann Applanation Tonometry), and dilated
fundus examination. The patients’best-corrected vision acu-
ity (BCVA) was measured using the Snellen chart. Patients
also were evaluated for the anterior chamber angle with the
Goldmann three-mirror lens. Age, gender were recorded,
and a detailed medical history including presence of syste-
mic diseases, and drugs used was obtained.

The following situations were excluded: history of prior
intraocular surgery; history of ocular trauma history, prior
anterior segment laser therapy, history of uveitis or glauco-
ma; and use of any topical or systemic drug that might af-
fect pupil or accommodation. Patients who required further
interventions such as scleral buckling were also excluded.
Additionally, patients who showed increase in IOP after the
surgery that required further intervention such as laser tra-
beculoplasty or second surgery to for the removal of silicone
oil from anterior chamber were excluded.

Indications for PPV included rhegmatogenous retinal deta-
chments, diabetic retinopathy with persistent vitreous he-
morrhage, fibrovascular proliferation, and tractional retinal
detachment involving the macula.

All patients underwent 23-gauge pars plana vitrectomy by
a single surgeon (EU) using Oertli Faros Machine (Switzer-
land) and wide-angle viewing system. Twin light was used
as a standard aspect of the surgery. After injection of tri-
amcinolone acetonide, the surgeon checked the presence of
posterior hyaloid membrane in all cases. In the presence of
attached posterior hyaloid membrane, posterior hyaloid was
separated using the tip of a vitrectomy probe with vacuum,
and after that, it was surgically excised. Three to 4 rows of
360-degree endolaser photocoagulation were performed
prophylactically when needed. In patients with a retinal tear,
three to four rows of endolaser photocoagulation were also
performed around the retinal tear using an endolaser probe.
Silicone oil (1000cs) was used as a long-acting internal tam-
ponade agent; whereas 14% C3F8 was used as short-acting
internal tamponade agent. In patients with silicone oil, sc-
lerectomies were sutured with 6/0 vicryl. In cases having
gas injection, sclerotomies were sutured only when needed.
After the operation, all patients were prescribed 1% Predni-
solone acetate (Predforte, Allergan) and Lomefloxacin drops
(Okacin, Novartis, Switzerland) in the form of one drop
every 2 hours for a month.

Patients were categorized based on the used internal tam-
ponade agent as silicone oil group (group 1) and gas(C3F8)
group (group 2).
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Ultrasound biomicroscopy examinations were performed
by the same surgeon using the same device (SONOMED
VuMAX II®) with a 35 mHz transducer. After introducing
topical 0.5% proparacaine HCL (Alcaine®, Alcon), a soft
silicone eyecup of the appropriate diameter (18, 20, or 22
mm) was inserted between the upper lid and the fornix con-
junctiva of the lower lid. Scanning of every patient before
and after surgery was performed using the same eyecup. In
order to prevent corneal contact, the focus distance of the
transducer was set at 12 mm. For the purpose of immersi-
on, the eyecup was filled with an adequate amount of sterile
physiological saline. These examinations were performed
before (2448 hours) surgery and at 1 week (5-10 days)
(7£3 days) after surgery using the same meridian (temporal
quadrant). In order to avoid the side effects of drugs used
such as: paralysis of accommodation after atropine, cyclo-
pentolate or tropicamide use, or mydriasis after phenylephri-
ne use, all UBM measurements were performed after the ef-
fects of these drugs wore off. Scanning was performed when
the patient was in the supine position. In order to use natural
pupil dilation, scanning was performed in a room with low
illumination. Accommodation was kept constant by asking
the patient to stare at a red target on the ceiling.

The axial images of the anterior chamber and the radial se-
ction of the angle images from the temporal quadrant were
scanned. In order to obtain an ideal image and to have con-
sistent pre- and post-operative measurements, the researc-
hers took care to have stable scanned axial images of the
anterior segment (theoretically, aligned with the central ho-
rizontal line and symmetrical to it) as well as stable images
in the vertical alignment (ideally, the cornea, lens, and ante-
rior and posterior capsules were balanced with the referen-
ced vertical central line). When taking radial cross-sectional
images of the angle, the observer made sure that the probe
was perpendicular to the limbus of the scanned quadrant and
chose the images with the best reflectivity of the iris. ' In
terms of accuracy and ease, the localization of the scleral
spur was given close attention in order to choose the images
that best showed the ciliary body, the iris, and the reflection
of the interface between the ciliary body and the sclera.

The anterior chamber depth (ACD) and lens thickness (LT)
were measured from the axial images of the anterior seg-
ment using the methods previously recommended by Pavlin
et al. and the scales provided in the user’s guide for the de-
vice. 202!

1. Axial ACD measurement: detected by measuring the dis-
tance between the posterior surface of the central cornea and
the anterior surface of the lens in the midline of the pupil
(Figure 1A).

2. LT: the distance between the anterior and the posterior
capsule of the lens (Figure 1A) and then from the radial
cross-section images of the temporal quadrant.

Figure 1. Views of axial images of the anterior chamber and
radial section of the angle images from the temporal quad-
rant.

A; An UBM image of Anterior Chamber Depth (ACT) and
Lens Thickness (LT), B; An UBM image of Trabecular Mesh-
work-Iris Angle (TIA), C; An UBM image of Ciliary Body
Thickness 1, D; An UBM image of Ciliary Body Thickness 2,
E; An UBM image of Ciliary Body Thickness 3, F; Trabecu-
lar- Ciliary Process Distance (T-CPD), G; An UBM image of
Iris-Ciliary Process Distance (I-CPD).

3. Trabecular meshwork-iris angle (TIA): measured at the
apex of the iris recess with the arms of the angle passing th-
rough a point on the trabecular meshwork 500 pm from the
scleral spur and a point on the iris perpendicularly opposite
(Figure 1B).

4. Ciliary body thickness (CBT) was measured in three re-
gions:

a) the distance 1 mm from the scleral spur (CBT 1), detected
by measuring the distance between the posterior surface of
the sclera and ciliary body to the border perpendicular to the
surface of the sclera (Figure fC);

b) the distance 2 mm from the scleral spur (CBT 2), detected
by measuring the distance between the posterior surface of
the sclera and ciliary body to the border perpendicular to the
surface of the sclera (Figure 1D);

¢) the distance 3 mm from the scleral spur (CBT 3), detected
by measuring the distance between the posterior surface of
the sclera and ciliary body to the border perpendicular to the
surface of the sclera (Figure 1E);

5. Scleral thickness (ST): the distance of the episcleral surfa-
ce measured perpendicularly to the scleral spur;

6. Trabecular meshwork-ciliary process distance (T-CPD):
measured as a line extending from a point 500 um anterior to
the scleral spur along the corneal endothelium and dropped
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perpendicularly through the iris to the most anterior ciliary
process seen during scanning in that meridian (Figure 1F).

7. Iris—ciliary process distance (I-CPD): the distance mea-
sured between the iris pigment epithelium and the ciliary
processes (Figure 1G).

The preoperative and postoperative parameters were com-
pared using SPSS 15.00 for Windows Software (SPSS Inc.,
Chicago, Illinois, USA) For distribution analysis, the Kol-
mogorov—Smirnov test was used. Since data was not nor-
mally disturbed, Mann-Whitney test or Wilcoxon signed test
was used. Statistical power analysis was made to avoid type
2 error using on line software (https://www.stat.ubc.ca/~rol-
lin/stats/ssize/n2.html). P- values of less than 0.05 were ac-
cepted as being statistically significant.

RESULTS

Forty-five eyes underwent PPV with either SO or gas tam-
ponade. Of 45 eyes, 4 eyes (3 eyes with gas tamponade,
1 eye with silicon oil) were excluded due to having acute
IOP increase that required further surgical intervention after
PPV. Therefore, the study included a total of 41 phakic eyes
of 41 patients that had planned PPV with silicone oil (n=21,
Group 1) or gas tamponade (C3F8) (n=20, Group 2). The
distribution of gender was similar (female/male: 1.15). The
mean age of the patients was 63.56+£10.78 (range: 40-85,
year). Gas tamponade group was significantly older than SO
group (66.3+10.6 years versus 58.1+11.9 years, p<0.001).
There was no statistically significant difference in the gen-
der (p=0.249) or laterality distribution between the 2 groups
(p=0.246).

The indications for the surgery are shown in Table 1. Com-
parisons of the pre-operative and post-operative parameters
of the anterior segment are shown in Table 2. In the mea-
surements, the amount of intraocular gas was between 40-
80%. In group 1, the mean LT, ST and IOP significantly inc-
reased following the surgery (p=0.014, p=0.035, p<0.001,
respectively). In group 2, the mean ACD, TIA, CBTI,
CBT2, CBT3, T-CPD, and I-CPD significantly decreased
(p<0.001, p=0.042, p<0.001, p=0.002, p=0.038, p<0.001,
and p<0.001, respectively) after the surgery.

The comparison of the mean change (=post-pre) in anatomi-
cal parameters and the IOP between 2 groups are summari-
zed in table 3. There was a significant difference in the mean
change of ACD, CBT1, CBT-3, T-CPD, I-CPD between 2
groups, group 2 showed less decrease in these parameters
compared to group 1 (Table 3). The mean change in [OP was
statistically higher in group 1 compared to group 2 (5.33+1.2
versus 2.2+1.13, p=0.05), (Figure 2).

When looking at the correlation between preoperative and
postoperative IOP and measured parameters, no significant
correlation was found between these parameters (p >0.005,
for all parameters).

Table 1. Distribution of the diagnosis of patients

Group 1 (n=21) | Group 2 (n=20) Total
PDR 4 6 10
RRD 16 4 20
IVH 1 10 11

PDR: Proliferative diabetic retinopathy; RRD: Rhegmatogenous
retinal detachment; IVH: Intravitreal hemorrhage.

Table 2. Comparisons of the pre-operative and post-operative parameters between gas and silicon group

Group 1 (n=21) Group 2 (n=20)
(SILICONE OIL GROUP) (GAS-C3F8 GROUP)
Pre Post P’ Pre Post P’

ACD, Mean+SD (mm) 2.68+0.46 2.69+0.54 0.557 2.49+0.13 2.21£0.27 0.000
LT, Mean+SD (mm) 4.07+0.56 4.10£0.55 0.012 4.30+0.45 4.29+0.42 0.314
TIA (°), Mean+SD 31.04+1.02 33.00+5.47 0.184 28.245.74 25.442.70 0.032
CBT 1, Mean+SD (mm) 1.02+0.14 1.00+0.08 0.478 1.07+0.12 0.84+0.89 0.000
CBT 2, Mean+SD (mm) 0.61+0.08 0.59+0.10 0.118 0.62+0.22 0.44+0.06 0.001
CBT 3, Mean+SD (mm) 0.34+0.07 0.36+0.11 0.665 0.34+0.13 0.28+0.04 0.035
ST, Mean+SD (mm) 1.00+0.04 1.07+0.13 0.025 1.01+0.10 1.03+£0.14 0.607
T-CPD, Mean+SD (mm) 1.25+0.04 1.2540.08 0.982 1.27+0.11 1.11+0.15 0.001
I-CPD, Mean+SD (mm) 0.89+0.04 0.88+0.05 0.679 0.87+0.09 0.57+0.17 0.000
10P, Mean+SD 11.66+2.45 16.83£3.18 0.000 13.85+3.02 15.95+3.18 0.075
(Range) mmHg (8.5-17) (10-22) (8-19) (10-21)

*paired t test

ACD: Anterior chamber depth; LT: Lens thickness; TIA: Trabecular meshwork-iris angle; CBT 1,2,3: Ciliary body thickness 1, 2 and 3 mm;
ST: Sclera thickness; T-CPD: Trabecular meshwork-ciliary process distance; I-CPD: Iris-ciliary process distance; SD, standard deviation;
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Table 3. The mean change in the parameters in silicone filled eyes (group 1) and gas filled eyes (group 2)

MEAN CHANGE FROM PREOPERATIVE VISIT

Group 1 (n=21) Group 2 (n=20) p

ACD, Mean+SD (mm) 0.11+0.019 -0.25+0.04 <0.001
LT, Mean+SD (mm) 0.03£0.13 -0.12+0.09 0.075
TIA (°), Mean+SD (°) 1.95+1.41 -2.8+1.2 0.078
CBT 1, Mean£SD (mm) -0.02+0.02 -0.19+0.05 0.005
CBT 2, Mean+SD (mm) -0.07+0.04 -0.14+0.05 0.162
CBT 3, Mean+SD (mm) 0.05+0.01 -0.06+0.02 0.004
ST, Mean+SD (mm) 0.07+0.03 0.01£0.02 0.152
T-CPD, Mean+SD (mm) 0.0+0.021 -0.16+0.42 0.001
[-CPD, Mean+SD (mm) -0.005+0.01 -0.33+0.05 <0.001
IOP, Mean+SD, Range) (mmHg) 5.33+1.2 2.2+1.13 0.05
ACD: Anterior chamber depth; LT: Lens thickness; TIA: Trabeculer meshwork-iris angle; CBT 1,2,3: Ciliary body thickness 1, 2 and 3
mm; ST: Sclera thickness; T-CPD: Trabecular meshwork-ciliary process distance; I-CPD: Iris-ciliary process distance; I1T-1,2,3:Iris thick-
ness 1,2,3; SD, standard deviation; Independent — Samples T Test

Figure 2. Views of radial section of the angle images from
the temporal quadrant.

A; UBM image of an eye with silicone oil used as internal tam-
ponade agent, B; UBM image of an eye with gas (C3F8) used
as an internal tamponade agent.

DISCUSSION

In this study, we measured several anterior segment para-
meters using UBM in patients who underwent planned pars
plana vitrectomy for various vitreoretinal pathologies with
either silicone oil or gas tamponade. We found that eyes
with silicone oil tamponade showed significant increase in
the mean lens thickness and scleral thickness at post-ope-
rative week. However, gas filled eyes demonstrated signifi-
cant decrease in several parameters including mean anterior
chamber depth, trabecular meshwork-iris angle, ciliary body
thickness 1-2-3, trabecular meshwork-ciliary process distan-
ce. These results may suggest that gas causes more pressure
on the ciliary body in the supine position compared to silico-
ne oil tamponade. We also showed that the mean IOP chan-
ge was significantly higher in the silicon filled eyes. Since
the surface tension of the gas is higher than that of silicone
oil, the ciliary body may expose to less pressure resulting in
lower intraocular pressure. Silicone oil also leads less angle

narrowing compared to gas due to fact of less compression
to the angle.

In contrast to our study, in a small number of patients that
underwent vitrectomy without any internal tamponade, Ma-
rigo et al.,”> were not able to show any significant difference
in the morphological anterior segment parameters at posto-
perative 1 month. However, the use of internal tamponade
and the difference in the timing for acquiring UBM images
do not allow us to compare two studies.

Calik et al.,® evaluated anterior segment changes with a
Pentacam Scheimpflug camera pre- and post-operatively in
patients who underwent pars plana vitrectomy and silicone
oil injection. They reported that there was no change in the
mean trabecular meshwork-iris angle of PPV patients with
or without an internal tamponade of silicone. Similarly, in
the present study, there is no change in the mean trabecular
meshwork-iris angle values of PPV patients with an internal
tamponade of silicone. Different than that study, we also as-
sessed several anterior segment parameters.

As a different study, our group evaluated the morphologi-
cal changes of the anterior segment using UBM imaging
in pseudophakic patients who underwent PPV with silico-
ne oil or gas (C3F8) internal tamponade agent injection.?*
In both studies, patients with gas tamponade showed signi-
ficant decrease in the anterior chamber depth, ciliary body
thickness, and T-CPD and I-CPD, compared to preoperative
status. Also, patients with silicon oil tamponade demonst-
rated increase in the mean scleral thickness and intraocular
pressure after the surgery. Different than pseudophakic pa-
tients undergoing vitrectomy with gas tamponade, in whom
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TIA did not show statistically change, phakic eyes with gas
tamponade exhibited a significant decrease in the mean TIA
after the surgery. This may be related to the spherical struc-
ture of posterior surface of lens inside the eye. >

Kim et al., evaluated ciliary body thickness using UBM
preoperatively and postoperatively in patients who un-
derwent PPV for diffusing DME. They found that the mean
preoperative ciliary body thickness was thicker in DME pa-
tients compared to healthy subjects, furthermore, the ciliary
body thickness significantly decreased after the surgery in
DME eyes and this decrease was correlated with the decrea-
se of the ciliary body edema. In the present study, the decre-
ase in ciliary body thickness in patients with gas tamponade,
unlike the lack of change in those with silicone tamponade,
may be a result of gases creating pressure on the cilliary
body due to of surface tension rather than actual reduction
of the cilliary body edema.

Neudorfer et al.,'" evaluated the short-term changes in the
anterior segment morphology following vitrectomy with or
without gas tamponade using UBM. They found a signifi-
cant decrease in the anterior chamber depth in eyes with gas
tamponade, but not in those that did not have gas tampona-
de. Similarly, the present study found a significant decrease
in the anterior chamber depth in eyes with gas tamponade
(Group 2). In Neudorfer’s study,'' no correlation was found
between the intraocular pressure and the mean anterior
chamber depth. In this study, we were not able to show any
correlation between intraocular pressure and anterior seg-
ment parameters, which may be related with excluding eyes
that required further intervention due to increase in intraocu-
lar pressure after the surgery.

We found that the mean scleral thickness was statistically
significantly higher in silicone oil group compared to gas
group, likely because in patients treated with silicone oil, all
the access sites were closed by scleral sutures, which may
have resulted in episcleral edema, while the access sites of
patients treated by gas (group 2) were sutured only when
needed.

There are some limitations of the study including small num-
ber of patients, not evaluating the long term changes in the
anterior segment morphology, having a heterogeneous study
population and not comparing the results with different
imaging modality such as OCT. Additionally, we excluded
eyes that showed acute increase in intraocular pressure that
required further intervention which may not have allowed
us to evaluate the sole effect of the surgery with tamponade.
It would be interesting to see the anterior segment changes
in these eyes. Although OCT is a non-invasive technique to

provide high resolution images of the retina, we believe that
UBM still has a value in the clinical practice particularly
visualizing the ciliary body and peripheral retina. Different
than the other studies, we analyzed several paramaters in 2
different groups at preoperatively and postoperatively and
showed the above-mentioned changes on the anterior seg-
ment morphology.

Although many studies showed some changes in some an-
terior segment after vitrectomy and scleral buckling,5 2628
we evaluated several parameters after the surgery with two
different tamponade. We believe that knowledge of the effe-
ct of vitrectomy on the anterior segment morphology would
enable surgeons to better understand the post-operative sta-
tus of the patients with tamponade. In conclusion, gases do
cause more morphological changes in the anterior segment
structures, when patients are treated in the supine position
(Figure 3).

N

Figure 3. Views of demonstrative image

y !

left: silicon oil internal tamponade; right: gas (C3F8) internal
tamponade.
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