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Abstract

¢ AIM: To investigate the retinal vascular caliber, retinal
nerve fiber layer( RNFL) thickness, and optic disc changes
in patients after pars plana vitrectomy and adjunctive
intraoperative procedures.

e METHODS :We examined 40 eyes in 40 patients who had
undergone unilateral pars plana vitrectomy and adjunctive
intraoperative procedure at three time points: prior to
surgery, and at 3mo and 6mo after the operation. The
diameters of central retinal arteries and veins were
measured using retinal photographs. The central retinal
arteriolar equivalent ( CRAE) and central retinal venular
equivalent(CRVE) were calculated using the revised Parr-
Hubbard formula. RNFL thickness was obtained using
Stratus optical coherence tomography. The cup-to-disc
vertical ratio of the optic disc was evaluated using stereo
optic disc photography.

« RESULTS : There were no significant differences between
the eyes of individual patients before the operation. Cup-
to-disc vertical ratios of the optic disc were significantly
increased 3mo and 6mo postoperatively ( P< 0. 01, P<
0.01), and there was a significant difference between the
operative eye and fellow eye at the same time points( P<
0.01, P<0.01). Changes in CRAE and CRVE in the
operative eyes were significantly larger than the fellow
eyes 6mo post-operatively ( P<0.01, P<0.01). The RNFL
thickness showed no significant changes.

¢ CONCLUSION ;Whereas there were no changes in RNFL
thickness, vitrectomy and adjunctive intraoperative
procedures induced changes in the cup-to-disc vertical
ratio of the optic disc and retinal vessel diameter for at
least 6mo after surgery.

e KEYWORDS: retinal vessel diameter; retinal nerve fiber
layer thickness;optic disc;vitrectomy
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INTRODUCTION

A dvancements in both vitreoretinal surgical techniques and
instruments  have expanded the indications for

vitrectomy , making this surgical procedure more popular. The

introduction of 23 —gauge pars plana vitrectomy in particular as
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an early surgical intervention has become more widely
accepted. Some previous studies have indicated that after
vitrectomy , histopathologic and chemical changes around the
retina and postoperative complications including retinal
injury, visual field loss, and retinal nerve fiber damage can
oceur

Unrecognized glaucoma may result in irreversible blindness.
As the average life expectancy continues to extend, the
prevalence of glaucoma has increased. Some cross —sectional
epidemiologic studies have shown that prevalence rates range
from 0.5% to 7.0% in subjects who are over 40y of age'®’.
The diagnosis of glaucoma is based on intraocular pressure
(IOP ), the presence of optic disc damage, visual field
examination, and the thickness of the retinal nerve fiber layer
( RNFL ) on tomography ( OCT ).

Additionally, in areas with a high prevalence of normal —

optical coherence

tension glaucoma, homodynamic values are also considered to

be important factors for diagnosis>’™.

Therefore we hypothesize that vitrectomy and adjunctive
intraoperative procedures can result in changes in the factors
used for the diagnosis of glaucoma as well as detection of
disease progression. The aim of this study is to investigate the
effects of vitrectomy and adjunctive intraoperative procedures
in patients with various retinal diseases on retinal vessel
diameter, RNFL thickness and the optic disc, and determine
whether any of these ocular factors have changed, and if so
how these changes impact evaluation of that patient.
SUBJECTS AND METHODS

We conducted a retrospective review of the medical records of
40 consecutive patients who had undergone 23 — gauge pars
plana vitrectomy at Kosin University Gospel Hospital, Busan,
Korea. Informed consent was obtained from all patients. The
study was followed the principles of the Declaration of
Helsinki (2008 ). We included 40 eyes in 40 patients who
underwent pars plana vitrectomy( PPV) of one eye by a single
surgeon ( Lee SJ) using a similar surgical technique, identical
instrument gauge ( ACCURUS® 23 Gauge Combined Procedure
Pak, Alcon, Fort Worth, TX, USA), and the same surgical
machinery(ACCURUS® Surgical System, Alcon, Fort Worth,
TX, USA). The fellow non — vitrectomized eyes of the 40
selected patients served as the control group, and did not
undergo any other procedures. Patients were excluded based
on the following criteria:1) an inadequate follow—up period of
<6mo;2) history of previous intraocular surgery;3) history
of intraocular surgery during follow —up period;4) history of
prior panretinal photocoagulation;5) history of ocular disease
that affects the morphology of the optic disc including
glaucoma;6) high myopia lower than -6 diopters or hyperopia
higher than +3 diopters;7) presence of peripapillary atrophy.
Standardized examinations were performed of both eyes by a
trained ophthalmologist just before vitrectomy and at 3mo and
6mo after surgery. IOP was measured using Goldmann
applanation tonometry ( Haag — Streit, Koniz, Switzerland )
before pupil dilation. The vertical cup —to —disc ratio was

determined using 30 - degree stereoscopic photographs.
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Measurement of the RNFL thickness was performed using a
Stratus OCT ( Carl Zeiss Meditec, Dublin, CA, USA). RNFL
thickness was measured using RNFL thickness serial analysis
consisting of 512 scans centered on the disc. Peripapillary
RNFL thickness parameters calculated with a 3. 4 mm
diameter circle using the RNFL thickness serial analysis
protocol included the average RNFL thickness, superior and
inferior maximum thicknesses, and superior and inferior
average thicknesses.
To measure the retinal vessel caliber, digital retinal
photographs centered on each optic disc were obtained through
dilated pupils using standardized settings on a Kowa nonmyd 7
fundus camera ( Kowa Company, Ltd. Japan). Two retinal
images were obtained :one centered on the optic disc and the
other centered on the fovea [ Early Treatment for Diabetic
Retinopathy Study ( ETDRS ) standard fields 1 and 2 ].
Methods used to measure retinal arteriolar and venular calibers
from digital photographs of the fundus using computer —
assisted software (1IVAN, University of Wisconsin, Madison,

USA)
described in detail elsewhere. A trained grader blinded to

according to a standardized protocol have been

participant characteristics retrieved the optic disc — centered
images of the right and left eyes and identified each vessel as
either an arteriole or venule wusing the original color
photographs for reference. All arterioles and venules within a
specified area [ 0. 5—1 disc diameter surrounding the optic
disc(zone B) ] were measured in micrometers and combined
into summary measurements [ referred to as the central retinal
arteriolar equivalent (CRAE) and the central retinal venular
equivalent ( CRVE )] sing modified Parr and Hubbard
formulas as previously described. For comparing changes in
vessel caliber, differences were calculated as percentages of
postoperative values when preoperative baseline values were
set at 100 percent in both eyes. This method was employed to
compensate for interpersonal differences in retinal vessel
measurements due to ocular magnification and to better
compare the changes in these values.

Statistical Analysis  Statistical analyses were conducted
using SPSS Software 18. 0 ( SPSS; Chicago; IL, USA).
Demographic characteristics and differences in study variables
between vitrectomized eyes and fellow non—vitrectomized eyes
were compared using ¢ — tests. In the subgroup analyses,
ANOVA was used for comparisons. P<0.05 were regarded as
statistically significant.

RESULTS

A total of 14 male and 26 female patients with a mean age of
58.83+13. 18y were included in this study. Pre—operative
indications for pars plana vitrectomy included complications of
diabetic retinopathy (10 eyes) , retinal detachment (9 eyes) ,
macular hole (7 eyes), macular pucker (5 eyes), and
vitreomacular traction syndrome (3 eyes). The adjunctive
intraoperative procedures were depended on the disease and
condition of eye including induction of posterior vitreous
detachment (PVD) in 36 eyes (90% ), fluid—air exchange in
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Table 1 Clinical characteristics of the study group

Total patients(n=40)
58.83+13.18
14(35% ) /26 (65% )

Characteristics

Age(mean+SD, a)
Gender( M/F)

Preoperative indication( eyes)

Diabetic retinopathy 10(25% )
Retinal detachment 9(22.5%)
Macular hole 7(17.5% )
Macular pucker 5(12.5% )
Vitreomacular traction syndrome 3(7.5%)
Intraocular foreign body 2(5%)
IOL dislocation into vitreous cavity 2(5%)
Penetrating eye injury 1(2.5%)
Traumatic cataract 1(2.5%)
Adjunctive intraoperative procedures( eyes)

Induction of PVD 36(90% )
Crystalline lens extraction 24(60% )
Fluid-air exchange 17(42.5% )
Panretinal photocoagulation 10(25% )
ILM peeling 7(17.5% )

PVD: Posterior vitreous detachment; SD: Standard deviation; ILM

Internal limiting membrane.

Table 2
measured using OCT

Peripapillary retinal nerve fiber layer thickness

Parameter Operative eyes Fellow eyes
Savg( mean=SD)
Baseline 133.6+37.2 128.4+38.2
3mo 126.5+29.0 122.5+28.2
6mo 127.1+33.5 127.1+34.4
Tavg( mean+SD)
Baseline 134.3+29.3 130.3+33.9
3mo 132.4+37.5 131.9+29.4
6mo 132.9+38.9 132.6+30.5
Smax ( mean+SD)
Baseline 167.9+32.3 157.1+34.4
3mo 164.3+26.7 153.8+27.5
6mo 158.1+29.5 158.6+30.2
Imax( mean+SD)
Baseline 175.1+25.4 164.2+27.9
3mo 176.3+28.6 171.7£23.9
6mo 170.3+33.7 171.7+27.7

Savg: Superior average peripapillary retinal nerve fiber thickness;
lavg: Inferior average peripapillary retinal nerve fiber thickness;
Smax ; Superior maximum peripapillary retinal nerve fiber thickness;
Imax ; Inferior maximum peripapillary retinal nerve fiber thickness;
SD; Standard deviation; OCT; Optical coherence tomography. There
were no significant differences in parameters produced by OCT in

operative eyes and fellow eyes at any of the time points examined.

17 eyes (42. 5% ), lens extraction in 24 eyes (60% ),
panretinal photocoagulation in 10 eyes (25% ) and internal
limiting membrane peeling in 7 eyes(17.5% ) (Table 1).

The mean baseline IOP was 15. 5 + 3.
postoperative values were 15.9+2.6 and 15.8+2.6 mm Hg

Imm Hg, and

200 -
B 180 |
£
E
£ 160
=3
2
£
o
5 140 -
=3
b1
e —8— Affected eye
£ 120 ¢
= i —k= Fellow eye

100

Baseline 3mo 6émo
Figure 1  The effect of 23 —gauge pars plana vitrectomy on

intraocular pressure in operative eyes versus changes in fellow
eyes. There is no significant difference between the groups at
any of the time points examined.
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Figure 2 The effect of 23 —gauge pars plana vitrectomy on
vertical cup—to—disc ratio in operative eyes versus changes in
fellow eyes. There were statistically significant differences at
both 3mo and 6mo postoperatively (P = 0. 038 and 0. 005,
respectively). “P<0.05.

in operative eyes 3mo and 6mo after surgery, respectively.
There were no significant differences in IOP at any of the time
points examined in affected eye compared with baseline ( P =
0. 498 and 0. 569 at 3mo and 6mo, respectively ) and
compared with fellow eye (P =0. 110, 0. 384 and 0. 329 at
baseline, 3mo and 6mo, respectively) (Figure 1).

The cup—to—disc ratio in eyes that underwent vitrectomy was
0.36+0. 11 at baseline, and was increased to 0.40+0. 11 and
0. 41 £0. 12 at 3mo and 6mo after vitrectomy. These
differences were statistically significant for both postoperative
periods in affected eye compared with baseline( P=0.038 and
0. 005 at 3mo and 6mo, respectively) and compared with
fellow eye ( P = 0. 035 and 0. 004 at 3mo and 6mo,
respectively) ( Figure 2) .

The peripapillary RNFL thickness was measured using OCT,
as listed in Table 2. None of the parameters were significantly
altered by OCT in the operative or fellow eyes at any time
point examined.

The mean percent change in CRAE 6mo postoperatively was —
5.01 £ 1. 50. This value was significantly different in the
vitrectomized eyes compared with the fellow eyes( P=0.009,
Figure 3). The mean percent change in CRVE 6mo postoperatively

803



EfRIRRIZE 2016 FE58 F16E FES5H
B335 :029-82245172 82210956

http://ies. ijo. cn
EBBF{5%8:1J0.2000@163. com

30 =4 Fellow eye
20 —— Affected eye

10
00 -

-
-
-
-
-
-

-10
-20
-30
-4.0
-5.0

Percent CRAE (%)

-6.0
-70

Baseline-3mo Baseline-6mo

Figure 3 The effect of 23—gauge pars plana vitrectomy on the
percent change in the mean central retinal arteriolar diameter
in operative eyes versus changes in fellow eyes. There were
statistically significant differences postoperatively in the
vitrectomized eyes compared with the fellow eyes ( P =
0.009) ,“P<0.05.
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Figure 4 The effect of 23—gauge pars plana vitrectomy on the
percent change in mean central retinal venular diameter in
operative eyes versus changes in fellow eyes. There were
statistically significant differences postoperatively in the
vitrectomized eyes compared with the fellow eyes ( P =
0.004),"P<0.05.

was —5. 87 x1.35. This value also significantly narrowed in
the operative eyes compared with the control eyes( P=0.004,
Figure 4). However, the mean percent changes in central
retinal vessel diameter ( CRAE and CRVE ) 3mo after
vitrectomy were not statistically different between the two eyes
(P=0.314 and 0. 134 in CRAE and CRVE, respectively).
In the subgroup analysis that was conducted according to
adjunctive intraoperative procedures including fluid — air
exchange and lens extraction, there were no statistically
significant differences ( P = 0. 194 and 0. 579 in fluid - air
exchange group and lens exiraction group, respectively). In
another subgroup analysis, the number of subgroup cases is
too small to obtain statistical result.

DISCUSSION

Careful observation of changes in the optic nerve head( ONH)
and peripapillary RNFL is of great importance in the diagnosis
and monitoring of glaucoma. The association between central

retinal vessel diameter and open angle glaucoma ( OAG ),

804

especially in normal—tension glaucoma, have been reported by
several previous studies'’’. It is unclear, however, whether
vitreoretinal procedures increase the risk of OAG or ocular

10721 1t was previously suggested that there is an

hypertension
increased risk of OAG after vitrectomy''’. On the other hand,
it was also reported that vitrectomy does not appear to increase
IOP"" | and it is concluded in recent study that after long—
term follow—up, there is no increased incidence of late onset

12
I However, the parameters

OAG or ocular hypertension'
directly related to the diagnosis and monitoring of the
progression of glaucoma may have been altered by pars plana
Vitrectomy[ el

Evaluating the ONH is an essential step in the diagnosis of
glaucoma. Changes in cup—to—disc ratio after vitrectomy have
been well established. One study reported a slightly increased
cup—to —disc ratio that was not significantly different from

baseline 3mo after surgery'®’.

Another study found a
statistically significant decrease in the cup—to—disc area ratio
at 1, 3, and 6mo after vitrectomy using a Heidelberg retina
tomograph' ', In our study, the postoperative cup —to—disc
ratio was significantly increased at 3mo and 6mo post —
operatively on stereoscopic photography, which differed from
previous results. This was possibly due to different methods of
measurement and surgical technique. We utilized stereoscopic
photographs of the optic disc in the present study, which may
have more reliable reproducibility than single photography.
Additionally,

vitreoretinal surgical instrument for all patients, and all

unlike other studies, we used the same

operations were performed by a single surgeon using a unitary
surgical style for 23 —gauge pars plana vitrectomy on a single
vitreoretinal ~ surgical =~ machine.  Depending on the
characteristics of the instrument used including the gauge,
aspiration power, and cutting rates, the flow dynamics can
differ, thereby altering the surgical outcome. Therefore, our
data representing surgically induced changes in the optic disc
is likely more consistent and reliable.

Another possible reason for these discrepant results is the
different operative procedures performed in vitreoretinal
practices. Induction of posterior vitreous detachment during
surgery has been reported to bring about mechanical injury to

the posterior fundus'>"”’

In monkeys, surgical induction of
posterior vitreous detachment has also been shown to cause
substantial damage to the optic disc''”’. Additionally, the
shearing of peripapillary axons during vitrectomy can cause
visual field loss*'. In this study, 90%

underwent posterior vitreous detachment during vitrectomy,

of patients

though no significant differences were observed. Additionally,
on the subgroup analysis conducted according to the operative
procedure performed, no significant differences were observed.

It was reported that routine kinetic perimetry—detectable visual
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field defects could be indicative of 12 -63% loss of optic
nerve fibers and a 10% or greater change in peripapillary
RNFL thickness, which are thought to be reliable indicators of

[18]
glaucoma' " .

Previous studies have shown that changes in
peripapillary RNFL thickness measured using OCT after
vitrectomy are variable depending on the region and
postoperative period. It was suggested that temporal RNFL
thickness was increased in eyes after removal of the epiretinal
membrane 3mo after vitrectomy, and Kim and colleagues
reported that the mean postoperative RNFL thickness was
decreased in the superior quadrant'*'®’. Our data on changes
in RNFL thickness 3mo and 6mo after vitrectomy show no
statistically significant differences when compared with fellow
eyes and preoperative data. The fluctuation in RNFL
thickness indicates damage to the inner surface of the retina
that occurred during the operation or the postoperative period.
The mechanism of injury is either mechanical or vascular. The
closer the manipulation is to the retina and/or the more
variation in blood flow in the central retinal vessels brings
about higher risk of inner retinal injury.

The prevalence of primary open angle glaucoma ( POAG )
shows broad regional and racial variations. In populations with
a high prevalence of POAG with normal I0P, vascular
mechanisms are suggested to play a major role in the disease
process. Previous reports produced evidence regarding the
relationship between POAG and retinal vessel diameter' ™.
Vitrectomy can also alter ocular hemodynamics. In rabbits,
removal of the vitreous has resulted in increased oxygen
tension within the vitreous cavity, and can last for weeks'"’.
In humans, who have previously undergone vitrectomy,
increased oxygen tension levels and improved blood flow have
been recorded compared with patients with vitreous in

. [1,19-20
sutu-

' Park and colleagues have proposed that in patients
with diffuse diabetic macular edema, vitrectomy improves
retinal oxygenation and reduces the accumulation of vasoactive
cytokines, which are positively correlated with vasodilation
and vascular permeability, and induces vasoconstriction”. In
this study, changes in central retinal vessel diameter are
significantly narrower compared with fellow eyes 6mo after
vitrectomy. Although an understanding of the hemodynamics
of the eye is not possible with information about central retinal
vessel diameter alone, the elevated oxygen tension of the inner
retinal region may be suggested as a reason for central vessel
narrowing.

This study has some limitations. First, because of
retrospective observational design, this study cannot control
the variations such as systemic hypertension, diabetes, age
and glaucoma family history that may have concerned to the
vessel caliber and optic nerve cup. So, to overcome this

problem, we set the baseline measured value as 100 percent

in each individual eye and use percent change compared to
baseline instead of the postoperative measured absolute value
in vessel caliber, and we also compared the affect eye with the
fellow eye in vessel caliber and cup—to—disc ratio. Second,
because there are many different operative conditions even in
same disease, adjunctive intraoperative procedures of pars
plana vitrectomy are not unified in detail. We cannot
investigate the effect of each separate procedure which has
been done adjunctive to vitrectomy according to vitreoretinal
disease intraoperatively by separate group or intergroup
analysis. In this study, we can only identify the effects of
whole vitreoretinal surgical procedures including 23G pars
plana vitrectomy and adjunctive intraoperative procedure.

In this study, 23 -gauge pars plana vitrectomy and adjunctive
intraoperative procedure induced an increased cup —to —disc
ratio and narrowed central retinal vessels, implying that
mechanical and chemical alterations of the optic disc and
inner retina occurred after surgical intervention. In particular,
changes in the cup —to —disc ratio without variation in the
peripapillary RNFL thickness could indicate damage to the
connective tissue around the optic disc, or of the optic disc
itself.

In conclusion, for the exact diagnosis and monitoring of
POAG, physicians should consider the effects of vitreoretinal
surgical procedures on cup—to—disc ratio and central retinal
vessel diameter.
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