Int Ophthalmol (2018) 38:635-643
https://doi.org/10.1007/s10792-017-0507-5

@ CrossMark

ORIGINAL PAPER

Evaluation of corneal topographic changes and surgically
induced astigmatism after transconjunctival 27-gauge

microincision vitrectomy surgery

Kemal Tekin + Kenan Sonmez - Merve Inanc - Kubra Ozdemir -

Yasin Sakir Goker - Pelin Yilmazbas

Received: 6 December 2016/ Accepted: 23 March 2017/ Published online: 30 March 2017

© Springer Science+Business Media Dordrecht 2017

Abstract

Purpose To evaluate the corneal topographic
changes and postvitrectomy astigmatism after
27-gauge (g) microincision vitrectomy surgery
(MIVS) by using Pentacam HR-Scheimpflug imaging
system.

Methods This  prospective  descriptive  study
included 30 eyes of 30 patients who underwent 27-g
MIVS. All eyes underwent a Pentacam HR examina-
tion preoperatively and on the first week, first month
and third month postoperatively. The power of the
corneal astigmatism, mean keratometry (K,,), K; and
K, values and corneal asphericity (Q value) values for
the both front and back surfaces of the cornea, index of
surface variance (ISV), index of vertical asymmetry
(IVA), index of height asymmetry (IHA), index of
height decentration (IHD) and higher-order aberra-
tions including coma, trefoil, spherical aberration,
higher-order root-mean-square and total RMS were
recorded. Additionally, the mean induced astigmatism
was estimated by vector analysis.

Results No statistically significant changes were
observed in the mean power of corneal astigmatism,
mean keratometry, K, and K, values, corneal aspheric-
ity values, ISV, IVA, THA, THD and higher-order
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aberrations on the first week, first month and third
month after the operation. The mean surgically
induced astigmatism was calculated as 0.23 4 0.11
D on the first week, 0.19 & 0.10 D on the first month
and 0.19 =+ 0.08 D on the third month postoperatively.
Conclusion Minor corneal surface and induced
astigmatic changes are expected to result in rapid
visual rehabilitation after pars plana vitrectomy with
the 27-g MIVS system.

Keywords Corneal topography - Induced
astigmatism - Microincision vitrectomy surgery - Pars
plana vitrectomy

Introduction

Microincision vitrectomy surgery (MIVS) with
23-gauge (g) and 25-g instrumentations has largely
replaced with traditional 20-g pars plana vitrectomy
(PPV). As increasing the number of the patients who
obtain excellent postoperative visual outcomes after
MIVS, possible induction of corneal astigmatism
could be clinically important. It has been well
documented in the literature that utilization of smaller
diameter instruments with self-sealing, transconjunc-
tival scleral wounds provides some advantages such as
decreased postoperative pain and inflammation,
decreased induced astigmatism, faster visual recovery
and improved patient comfort [1-4].
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In 2010, Oshima et al. [5] firstly described the
initial feasibility and safety of a novel 27-g instrument
system, reporting excellent visual and anatomic out-
comes in a series of 31 patients. They reported that
27-g MIVS is feasible and may reduce concerns about
wound sealing-related complications in selected cases.
In the last few years, successful results have been
documented in a variety of vitreoretinal disorders with
27-g MIVS [6-9].

In this study, we aimed to evaluate the corneal
topographic changes and postvitrectomy astigmatism
after 27-g MIVS by using Pentacam HR-Scheimpflug
imaging system (Oculus, Wetzlar, Germany), which is
a reproducible method that measures almost all
anterior segment parameters.

Subjects and methods
Study design and patient selection

This clinical prospective descriptive study was per-
formed at the Retina unit of Ankara Ulucanlar Eye
Training and Research Hospital from May 2015 to
September 2016. All procedures performed in studies
involving human participants were in accordance with
the ethical standards of the institutional research
committee and with the 1964 Helsinki Declaration
and its later amendments or comparable ethical
standards. Informed consent was obtained from all
individual participants included in the study.

Thirty eyes of 30 patients who underwent 27-g
MIVS were enrolled. Twelve eyes of these patients
had idiopathic epiretinal membrane (40%), 8 had
idiopathic macular hole (26.6%), 7 had diabetic
retinopathy with non-clearing vitreous hemorrhage
(23.3%), 2 had central retinal vein occlusion with non-
clearing vitreous hemorrhage (6.6%), and the remain-
ing 1 had asteroid hyalosis (3.3%). All patients in the
study had phakic crystalline lens status in both eyes.
Patients with any of the following conditions were
excluded: a history of corneal changes prior to the
surgery such as corneal trauma, scar, haze, opacities
and degeneration, corneal transplant, corneal ectasias
such as keratoconus, a history of corneal and ocular
surgery, a history of contact lens usage, lens opacities
that would like require cataract extraction during the
27-g MIVS and those who were not sufficiently
cooperative for Pentacam HR examinations. The
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patients who required additional surgery were not
included. In addition, since the corneal changes
associated with silicon oil had been reported [10],
the patients who required silicone oil tamponad were
also excluded from the study. All cases underwent a
comprehensive ophthalmic examination including
best-corrected visual acuity (BCVA) using the Snellen
chart, intraocular pressure (IOP) measurement with
Goldmann applanation tonometry, anterior segment
examination with slit lamp biomicroscopy, dilated
fundus examination and Pentacam HR examination.
All these ocular examinations and measurements were
performed preoperatively and on the first week (7th
day), first month (30th day) and third month (90th day)
postoperatively. In order to calculate and compare
visual acuity, Snellen acuity was converted to
logMAR.

Corneal topographic analysis

Corneal topographic analysis was performed by the
same masked experienced clinician using the same
Pentacam HR-Scheimpflug imaging system (Oculus,
Wetzlar, Germany). Three measurements were made
per eye, and the one with the best alignment and
fixation was selected for data analysis. Corneal
refractive map, topometric map and zernike analysis
were evaluated for each patient in the study. The
power of the corneal astigmatism, mean keratometry
(Km), K; and K, values and corneal asphericity
(Q value) values for the both front and back surfaces
of the cornea, index of surface variance (ISV), index
of vertical asymmetry (IVA), index of height asym-
metry (IHA), index of height decentration (IHD) and
higher-order aberrations including coma, trefoil,
spherical aberration (SA), higher-order root-mean-
square (HO-RMS) and total RMS were recorded. ISV
describes the deviation of the individual corneal radii
from the mean value and is elevated with irregular
corneas. IVA gives the degree of symmetry of the
corneal radii with respect to the 180° meridian as axis
of reflection. IVA is elevated in cases of oblique axes
or corneal ectasias such as keratoconus. IHA gives
the degree of symmetry of height data with respect to
the horizontal meridian as axis of reflection. IHA is
analogous to IVA, but sometimes more sensitive.
IHD is calculated from first harmonic of Fourier
analysis of height and is a measure for vertical
decentration.
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These all of the topographic measurements were
taken preoperatively and on the first week (7th day),
first month (30th day) and third month (90th day)
postoperatively.

Surgical procedure

In each case, the 27-g MIVS was performed under
local anesthesia by retrobulbar injection. Surgical eyes
were prepared using 5% povidone-iodine (Betadine;
Purdue Fredrick Co, Norwalk, Connecticut, USA). All
surgeries were performed using the Constellation
Vitrectomy 27+ Total Plus Pak vitrectomy system
(Alcon Laboratories) by the same surgeon (K.S).
Cannulas were inserted in the inferotemporal, super-
otemporal and superonasal quadrants 3.0-4 mm pos-
terior to the limbus. The conjunctiva and Tenon’s
capsule were displaced over the sclera to avoid
communication between conjunctival and scleral
entry sites. Trocar cannulas were inserted tangentially
at an angle of approximately 30°, parallel to the
limbus. All eyes underwent core vitrectomy followed
by removal of the posterior hyaloid membrane and
vitreous traction. Retinal endophotocoagulation was
used in selected eyes. Membrane and/or internal
limiting membrane peeling was performed for epireti-
nal membrane (ERM) or macular hole indications.
Air—fluid exchange was performed in eyes with
persistent vitreous hemorrhage. Partial air—fluid
exchange was performed in eyes with epiretinal
membrane. The eyes with macular hole received
fluid—gas exchange (16-18% sulfur hexafluoride
[SF6]). At the end of the surgery, microcannulas were
removed from the eye. The infusion line was clamped
during removal of the microcannula and then
unclamped after removal. A gentle massage to the
sclerotomy site with a muscle hook was performed to
avoid leakage. The conjunctiva overlying the sclero-
tomy was slightly displaced to disrupt the alignment
between both entry sites, and the corticosteroid
(dexamethasone) was injected into the inferonasal
subconjunctival space.

No difficulties were encountered during the insertion
of the trocars into any eye. Passage of the 27-g
instruments through the microcannula was found to be
uncomplicated, and the required procedures were
performed with ease in all eyes. No sutures were needed
to close the scleral or conjunctival openings, and no
intraoperative complications occurred in any eye.

Statistical analysis

Study data were analyzed using the Statistical Package
for Social Sciences (SPSS) for Windows version 22.0
(SPSS Inc., Chicago, IL). Descriptive statistics were
presented as mean =+ standard deviation, frequency
distribution and percentages. Chi-square test was used
in the analysis of categorical variables. Normal
distribution of the variables was tested by visual
(histogram and probability graphs) and analytical
methods (Kolmogorov—Smirnov/Shapiro—Wilk test).
The preoperative and postoperative measurements
were compared using paired-samples ¢ test. Addition-
ally, surgically induced astigmatism was calculated by
the vector analysis method, which was described by
Jaffe [11].

Results

This study included 30 eyes of 30 patients who
underwent 27-g MIVS and followed-up at least
3 months. Overall, 18 (60%) of the patients were
male and 12 (40%) were female. The mean age of the
patients was 65.47 £ 8.53 (range 55-87) years.

The mean preoperative BCVA was 1.36 + 0.90
(range 3.10-0.4) logMAR. The mean overall BCVA
was 0.62 £ 0.38 (range 1.51-0.10) on the first week,
0.41 £ 0.24 (range 1.00-0.10) on the first month and
0.34 £ 0.25 (range 1.00-0.00) on the third month
postoperatively. There was a statistically significant
improvement in BCVA on the first week, first month
and third month compared to the preoperative BCVA
(for each one, p < 0.05). Serial changes in the mean
BCVA are shown in Fig. 1.

The mean preoperative IOP was 13.4 £+ 5.2 mmHg
(range 8-19). The intraocular pressures of all eyes
remained within normal limits throughout the postop-
erative period (range 7-20 mmHg). There were no
statistically significant changes in intraocular pressure
on any measurement time in the postoperative period
compared to preoperative IOP (for each one,
p > 0.05). Serial changes in the mean IOP are shown
in Fig. 2.

In addition, there were no statistically significant
changes in the corneal refractive map, topometric map
and zernike analysis of the subjects on any measure-
ment time in the postoperative period compared to
preoperatively (p > 0.05). No statistically significant
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Fig. 1 Graph
demonstrating the serial
changes in the mean best-
corrected visual acuity
(BCVA) according to 1,25
logMAR. Error represents
the standard error of the
mean
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Fig. 2 Graph
demonstrating the serial
changes in the mean
intraocular pressure (IOP) as
measured using Goldman
applanation tonometry. The
bars indicate the median,
and the ends of the high—low
line indicate the maximum
and minimum values of the
10P
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changes were observed in the mean power of corneal
astigmatism, mean keratometry, K; and K, values,
corneal asphericity values, ISV, IVA, IHA, IHD and
higher-order aberrations on the first week, first month
and third month after the operation. Changes in corneal
refractive map, topometric map and zernike analysis
after 27-g MIVS are given in Tables 1, 2 and 3. The
mean preoperative astigmatism of the frontal corneal
surface was 0.91 £ 0.50 diopter (D). After the 27-g
PPV, it was measured as 0.96 £ 0.68 D on the first
week, 1.02 £0.73 D on the first month and
0.97 £ 0.42 D on the third month postoperatively
(Fig. 3). Additionally, the mean surgically induced
astigmatism was calculated as 0.23 £ 0.11 D on the
first week, 0.19 & 0.10 D on the first month and
0.19 £ 0.08 D on the third month postoperatively.

Discussion

In this present study, we evaluated the corneal
topographic changes and surgically induced astigma-
tism after 27-g MIVS by using Pentacam HR-
Scheimpflug imaging system. Although corneal topo-
graphic changes after 23-g and 25-g transconjunctival
sutureless vitrectomy (TSV) have been reported,
according to our knowledge, this is the first study that
investigating the corneal topographic changes after
27-g MIVS.

The scleral incision in vitreoretinal surgery might
affect the corneal curvature and can be an important
factor in the visual outcome after the surgery [12].
Central corneal changes are the most important
determinant for the optically formation of the macular
image and in certain conditions may produce transi-
tory severe refractive impairment of postoperative
visual acuity [13]. Although Jampel et al. [12] regard
the changes after PPV as slight and transitory, having
little long-term clinical consequences, the patients’
visual acuity would be certainly impaired severely by
induced changes in corneal shape that are both
asymmetric and irregular. Rapid visual rehabilitation
is important in patients with potentially good macular
function undergoing vitreoretinal surgery, and knowl-
edge of the postvitrectomy response would be useful
in guiding postoperative management.

Surgically induced astigmatism after vitreoretinal
surgery has been investigated in many clinical studies
after 20-g conventional standard PPV [14-17]. Sev-
eral authors have reported that the corneal contour is
significantly changed after 20-g PPV, inducing surgi-
cally induced astigmatism [13, 16—-19]. Wirbelauer
et al. [13] investigated the changes of corneal shape
after conventional PPV and reported a substantial
increase in the corneal astigmatism and distinct shape
changes in cornea after PPV in the immediate
postoperative period. Similarly, Domniz et al. [16]
evaluated the changes in corneal shape after

Table 1 Changes in corneal refractive map indices of the participants before and after the 27-gauge microincision vitrectomy

st month (30th day)

3rd months (90th day)

surgery
Parameter Preoperative Ist week (7th day)

K;, front (D) 43.55 + 1.50 43.50 &+ 1.49 (p = 0.663)
K5, front (D) 44.46 + 1.50 44.52 + 1.69 (p = 0.781)
K., front (D) 44.00 + 1.50 44.01 =+ 1.59 (p = 0.716)
Astig, front (D) 0.91 £ 0.50 0.96 £+ 0.68 (p = 0.731)
Q-val, front (mm) —0.38 £ 0.21 —0.41 £ 0.16 (p = 0.460)
K, back (D) —6.24 + 0.28 —6.26 + 0.27 (p = 0.135)
K>, back (D) —6.52 £ 0.29 —6.52 + 0.31 (p = 0.815)
K., back (D) —6.38 £ 0.27 —6.40 + 0.28 (p = 0.096)
Astig, back (D) 0.29 + 0.18 0.26 + 0.12 (p = 0.315)
Q-val, back —0.43 £0.22 —0.46 £ 0.23 (p = 0.458)

43.41 £ 1.88 (p = 0.153)
44.51 £ 1.88 (p = 0.445)
43.96 + 1.88 (p = 0.343)

1.02 £ 0.73 (p = 0.196)
—0.20 £ 0.76 (p = 0.266)
—6.24 + 0.32 (p = 0.907)
—6.59 £ 0.35 (p = 0.332)
—6.42 £+ 0.33 (p = 0.065)

035 £ 0.11 (p = 0.072)
—0.52 £ 0.12 (p = 0.342)

43.51 £ 1.61 (p = 0.748)
44.51 £ 1.61 (p = 0.427)
44.01 £ 1.61 (p = 0.597)
097 £ 042 (p = 0.484)
—0.38 £ 0.18 (p = 0.99)
—6.23 = 0.24 (p = 0.576)
—6.50 &+ 0.30 (p = 0.137)
—6.37 £ 0.29 (p = 0.428)
0.27 £ 0.13 (p = 0.493)
—0.39 £ 0.26 (p = 0.323)

Paired-sample 7 test

Each p value shows the statistical difference from the preoperative values

K keratometry, K, mean keratometry, Astig astigmatism, Q-val corneal asphericity value, D diopter, mm millimeters
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Table 2 Changes in corneal topometric map indices of the participants before and after the 27-gauge microincision vitrectomy

surgery

Parameter Preoperative 1st week (7th day) 1st month (30th day) 3rd months (90th day)

ISV 23.19 £ 11.80 26.23 £ 14.79 (p = 0.155) 29.00 £ 13.39 (p = 0.085) 27.33 £ 12.18 (p = 0.122)
IVA 0.33 + 0.92 0.23 £ 0.16 (p = 0.362) 0.26 £ 0.27 (p = 0.399) 0.24 + 0.21 (p = 0.372)
IHA 5.63 + 4.42 6.21 + 5.52 (p = 0.443) 6.10 + 4.39 (p = 0.502) 6.34 + 5.50 (p = 0.488)
IHD 0.017 £ 0.011 0.021 £ 0.015 (p = 0.199) 0.023 £ 0.013 (p = 0.078) 0.021 £ 0.017 (p = 0.259)

Paired-sample ¢ test

Each p value shows the statistical difference from the preoperative values

ISV index of surface variance, IVA index of vertical asymmetry, /HA index of height asymmetry, /HD index of height decentration

Table 3 Changes in Zernike analysis of the participants before and after the 27-gauge microincision vitrectomy surgery

Ist week (7th day)

1st month (30th day)

3rd months (90th day)

Parameter Preoperative
Coma —0.029 £+ 0.304
Trefoil —0.054 + 0.171
SA —0.024 + 0.050
HO-RMS 0.694 & 0.254
Total RMS 254 £ 1.27

—0.033 £ 0.319 (p = 0.936)
—0.015 £ 0.353 (p = 0.407)
—0.031 £ 0.094 (p = 0.593)
0.889 & 0.542 (p = 0.089)
3.02 £ 1.84 (p = 0.100)

—0.084 + 0.57 (p = 0.633)
—0.096 + 0.570 (p = 0.721)
—0.056 & 0.089 (p = 0.114)
0.772 % 0.493 (p = 0.123)
3.11 +2.86 (p = 0.077)

—0.094 £ 0.363 (p = 0.508)
—0.081 £ 0.222 (p = 0.617)
—0.041 £ 0.116 (p = 0.288)
0.712 £ 0.421 (p = 0.255)
2.905 £ 1.987 (p = 0.113)

SA spherical aberration, HO-RMS higher-order root-mean-square, RMS root-mean-square

Paired-sample 7 test

Each p value shows the statistical difference from the preoperative values

Fig. 3 Graph
demonstrating the serial
changes in the mean
astigmatism of the frontal
corneal surface. The round
marks indicate the mean,
and the ends of the high—low
line indicate the maximum
and minimum values of the
corneal frontal astigmatism
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conventional PPV by using videokeratography and
showed that although the topographic indices were
statistically significantly different from baseline at the
2 and 7 days postoperatively, these all indices returned
to preoperative values by 1 month postoperatively and
remained stable until the final follow-up at 3 months.
Weinberger et al. [17] also used videokeratography to
investigate the topographic changes of the cornea after
20-g PPV and found that the 20-g PPV induces radial
steepening of the central cornea 1.2—-1.6 D at 67° and
157°, corresponding to the scleral sutures, and after
3 months, the central cornea flattened in the same
meridians, possibly owing to changes in scleral
elasticity or loosening of the sutures. It was proposed
that the increase in the postoperative astigmatism may
be attributed to the scleral cautery and suturing at the
entry port after 20-g PPV and the corneal alterations
have returned to preoperative values by 1-3 months
after the operation, possibly owing to changes in
scleral elasticity or loosening of the sutures [16, 17].

Corneal topographic changes also investigated after
23-g and 25-g TSV [20, 21]. Yanyali et al. [22]
evaluated the corneal topographic changes after 23-g
TSV and revealed the mean surgically induced
astigmatism was 0.67 &+ 0.7 D at the first day,
0.36 = 0.2 D at the first week and 0.33 £ 0.17 D at
the first month postoperatively. Additionally, in their
another study, they investigated those topographic
changes after 25-g TSV and disclosed that there were
no significant changes in average corneal power,
corneal surface cylinder, surface asymmetry index and
surface regularity index parameters at the first day,
first week and first month after the operation [21].
They also assessed the mean induced astigmatism as
0.38 D at 15°. After this preliminary report, several
investigators compared the corneal shape changes and
induced astigmatism in 25-g TSV with the 20-g
conventional standard PPV and showed that 25-g
technique involves a statistically significant reduction
in the amount of surgically induced astigmatism
compared to 20-g PPV [23-25]. Similarly, Okomato
et al. [26] investigated the changes in regular and
irregular corneal astigmatism after the 25-g TSV and
20-g PPV and revealed that the 20-g PPV shows
significantly greater surgically induced changes than
the 25-g TSV for regular astigmatism, asymmetry and
higher-order irregularity. They also concluded that
25-g TSV does not induce significant changes in
corneal topography and exerts little influence on the

optical quality of the cornea in the first postoperative
month. Furthermore, Avitabile et al. [27] investigated
the corneal shape changes after 25-g TSV and standard
20-g PPV and reported a significant difference in mean
surgically induced astigmatism between the eyes that
underwent standard 20-g PPV and 25-g TSV. Mean
surgically induced astigmatism was reported as 0.8 D
after 25-g TSV and 3.0 D after 20-g PPV at second
postoperative day. They also suggested that the 25-g
TSV system results in faster reduction in surgically
induced keratometric astigmatism because of rapid
cicatrization of the sclerotomy sites. In a recent study
which compared the corneal topographic changes
following PPV with the 23-g and 25-g TSV as well as
the standard 20-g PPV, it was found that 23-g TSV and
25-g TSV do not induce corneal topographic param-
eters following surgery, whereas 20-g PPV was found
to induce transient topographic corneal changes that
had returned to preoperative levels at third month
postoperatively [28]. Similarly, in our study no
statistically significant changes were observed in the
mean power of corneal astigmatism, keratometry,
corneal asphericity value, ISV, IVA, IHA, IHD and
higher-order aberrations on the first week, first month
and third month after the operation. We excepted that
if the 23-g and 25-g incisions do not affect the corneal
contour and curvature, 27 g, which is about 0.40 mm
and smaller than 23 g and 25 g, would not affect those
corneal topographic parameters. Additionally, the
amount of induced astigmatic changes in our study
was about 0.23 D on the first week and 0.19 D on the
first month, which are smaller than previously reported
values following 25-g TVS surgeries. We also believe
that since the reduction in the incision size and self-
sealing incisions decrease the amount of surgically
induced astigmatism and minor corneal topographic
changes that were observed in the current study were
thought to be attributable to small sclerotomies that
were performed by the 27-g MIVS that allows for
completely sutureless vitrectomy. In addition, none of
the patients experienced any postoperative ocular
hypotony since the 27-g incisions wound healing is
expected to be excellent.

There are some shortcomings to our study. The
primary limitation of this study is the lack of patients
who underwent standard 20-g PPV, 23-g TSV and
25-g TSV. Indeed, a comparison of corneal topo-
graphic changes after 27-g MIVS with 23-g and 25-g
TSV and 20-g standard PPV would reveal the
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differences between these four systems more clearly.
The second limitation of the study is the modest
sample size of the cohort, which may affect the
validity of our conclusions and their significance.

In conclusion, to the best of our knowledge, this is
the first study demonstrating insignificant changes in
corneal refractive and topometric indices in the early
postoperative period after 27-g MIVS. Thus, minor
corneal surface and induced astigmatic changes are
expected to result in rapid visual rehabilitation after
PPV with the 27-g MIVS system.
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