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Abstract

e AIM: To observe the intraocular pressure (IOP) fluctuation
at the early stage of pars plana vitrectomy (PPV) and
silicon oil tamponade in high myopia with rhegmatogenous
retinal detachment (RRD) eyes in diabetic patients and
analyze the potential risk factors and effective treatment.
e METHODS: One hundred consecutive diabetic patients of
RRD in highly myopic eyes were retrospectively reviewed.
Patients were divided into two groups: the experimental
group, those who used Tobramycin Dexamethasone Eye
Drops (TDED), and control group. Pre- and postoperative
IOPs, retinal nerve fiber thickness (RNFL) and optic nerve
head parameters were recorded before and after IOP
elevation, and in the contralateral eye before the operation.
Graphpad 7.01 was used for data analysis.
e RESULTS: IOP elevation occurred in 42 eyes within
1wk after vitrectomy in all diabetic participants. Ocular
hypertension (OHTN) was observed in 31 of 53 eyes in
experimental group and 11 eyes of 47 eyes in control
group at the early stage after operation. Significant
differences were found between groups in 5d-1wk and
1mo after vitrectomy. In addition, IOP of 39 eyes had
decreased by proper treatment and 3 eyes received
glaucoma filtration surgery. Compared to the optic disc
parameters before IOP elevation, the average and inferior
RNFL thickness were thinner and rim area decreased as
well as cup volume and vertical C/D radio increased after
IOP elevation. The RNFL thickness of the opposite eyes
in patients with IOP elevation was found thinner than the
ones who never suffered ocular hypertension.
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o CONCLUSION: Continual use of glucocorticoid after
vitrectomy is a potential risk factor of IOP elevation in high
myopia with diabetes, and doubtful open angle glaucoma
should be focused on its sensibility to glucocorticoid and
IOP elevation.
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INTRODUCTION

ersistent elevated intraocular pressure (IOP) has been
P implicated in optic nerve damage and irreversible vision
loss'), and is a common complication of vitrectomy with
silicon oil tamponade for rhegmatogenous retinal detachment
(RRD)"*™, especially in patients with diabetes, who is regarded
to be high risk population of primary open angle glaucoma
(POAG). Axial elongation of the globe, seen in high myopia,
can also cause retina degeneration, vitreous detachment and
anterior chamber angle structural abnormality. Individuals
with high myopia were historically the most susceptible
population for RRD and POAG™®. Pars plana vitrectomy
(PPV) with silicon oil (SO) tamponade has proven to be an
effective management strategy for different posterior segment
conditions including macular hole, epiretinal membrane,
vitreous hemorrhage and retinal detachment'”"'”. Few studies,
however, have focused solely on high myopia and its risk for
IOP elevation after vitrectomy in diabetic patients.
The present study seeks to identify the prevalence and the risks
of transient IOP elevation during the early postoperative period
for repair of RRD in high myopia patients with diabetes. Also,
the risk increasing with glucocorticoid eye drop use during the
post-operative period and when there was preexisting POAG.
Lastly, damage to the optic nerve head and any decrease in
RNFL thickness after transient IOP elevation will also be
observed to establish a rationale for managing transient IOP

elevation after vitrectomy.



Int Eye Res, Vol. 1, No. 4, Dec.28, 2020 www.ijo.cn
Tel: 8629-82245172  8629-82210956  Email: ijopress@163.com

SUBJECTS AND METHODS

Participants The prospective study recruited one hundred
diabetic patients between October 01, 2016 and June 30, 2017
from the Department of Ophthalmology of the First Affiliated
Hospital of Xi’an Jiaotong University. All recruited patients
were diagnosed as type 1 or 2 diabetes for at least 1y and
received a comprehensive ophthalmic examination by staff
ophthalmologists, consisting of best-corrected visual acuity,
IOP measurements, refractive error, slit-lamp examination,
gonioscopy, and axial length by IOL Master. In addition, digital
fundus photograph and RNFL thickness of the unoperated eyes
were collected before PPV surgery. After surgery, the same
measures were performed just on the operated eyes until 3"
day of surgery. All operated eyes were examined and followed
until the silicone oil (SO) was removed for optimal surgical
outcome and patient safety

The inclusion criteria were adults from 40 to 65 years who
had high myopia with RRD and were further defined with the
following parameters: 1) high myopia as defined by a spherical
equivalent (SE) of >-6.00D or an axial length (AL) >26.0 mm;
2) PPV as the primary surgery for RRD treatment; 3) The use
of SO (FCI, S5.7560) during vitreous tamponade for their PPV;
4) No proliferative vitreoretinopathy (PVR). Only the operated
eyes in each patient were fully evaluated throughout the study.
All patients in both the control and experimental groups
willingly consented in writing for inclusion in the study. The
study also adhered to the tenets of the Declaration of Helsinki
and to the common principles of an Institution Review Board
of minimal risk. There were no experimental procedures or
medications used and there was a minimal probability of harm
or discomfort to patients as would be encountered in daily life
or during the performance of routine physical examination and
tests.

Exclusion Criteria Subjects were excluded if there were: 1)
current or past glaucoma or uveitis of any kind; 2) any damage
in the anterior chamber or the presence of new vessels in the
anterior chamber as detected by conventional gonioscopy;
3) detachment of the ciliary body; 4) current or history of
prior ocular trauma; 5) any intrusion of SO into the anterior
chamber; 6) SO emulsion; 7) PPV in conjunction with any
other ocular surgery. Also, patients could not be a participant in
any other study concurrently.

Surgical Technique All patients with planned PPV
surgery for RRD with high myopia were operated on by
the same experienced retinal surgeon at the Department
of Ophthalmology of the First Affiliated Hospital of Xi’an
Jiaotong University. Three days prior to surgery, each operative
patient received topical levofloxacin eye drops in the planned
operated eye to minimize ocular infection. PPV in all eyes
was performed by the same surgeon with Constellation”

Vitrectomy System. A 23-gauge, 3-port PPV, with a complete
vitrectomy was carried out on all the patients to relieve
the vitreous traction around the retinal breaks. A complete
posterior vitreous detachment was induced whenever one was
not already present preceding the completion of vitrectomy
surgical procedure. An air-fluid exchange with internal
drainage of subretinal fluid was then performed and 4-9 mL of
SO (Franc, S5.7560, 5000cSt, 10 mL) was instilled to displace
air at the end of the surgery according to the volume of the
vitreous. Consequently, the eyes were kept slightly hypotonic.
Postoperative Management and Grouping Patients were
divided into two groups: one group received a combination
antibiotic/steroid drop (Tobramycin/Dexamethasone) and an
antibiotic drop, levofloxacin, after PPV and SO tamponade;
the other group received just levofloxacin eye drops. Both
groups received all their drops six times per for the first week.
At the end of the first week and until the 30" day, both groups
received just the levofloxacin eye drops. There were 53 eyes
in the experimental group and 47 eyes in the control group. All
operated eyes were followed for six months until all SO was
removed.
Intraocular Pressure Measurement The IOP of all study
participants were measured similarly with the Tomey FT1000
Non-Contact Tonometer, at 1d, 5d, 1wk, 2wk and 1mo after
surgery. Before each use, the tonometer was calibrated in
accordance to the user’s manual and only measurements
<5% error was used. The IOP measurements were repeated
three times, and the mean value of the three was used for
data analysis. IOP >25 mm Hg or increasing 5 mm Hg on the
basis IOP was set as the threshold for clinically significant
elevated IOP. When any eye had an IOP between 25-40 mm Hg,
medications were initiated to reduce the IOP. If any eye
experienced and an elevation of IOP greater than 40 mm Hg
during the postoperative period, then an anterior chamber
paracentesis was employed and monitored to forestall
hypotony. Following antiglaucoma surgery, IOP levels were
recorded until stabilized.
Optical Coherence Tomography Measurement Acquisition
of spectral domain optical tomographic (SD-OCT) images
with the Topcon 3D OCT-1 Maestro imaging system (ver.8.30)
followed a standardized protocol both before and after surgery.
Automatic alignment, focusing and capture of images ensured
point-to-point matching of follow up scans. The peripapillary
RNFL thickness, the optic nerve cup/dis (C/D) ratios and cup
volumes were evaluated with three-dimension (3D) scans
(6.0 mmx0.6 mm, 512x128) proceeding pupillary dilation of
all eyes before surgery and the operated eyes after surgery.
RNFL thickness of the operated eyes was also measured on the
third and the day when IOP decreased to normal and became
stable immediately after surgery. Only clear, focused and
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well-centered images with no eye movements and “quality
strength” of 25 or more were selected for further analysis. The
total, superior, inferior, nasal and temporal RNFL thicknesses,
C/D area ratios and optic cup volumes were calculated by the
instrument’s software and then subjected to analysis. Patients
with retinal edema after vitrectomy were excluded from the
final analysis.
Statistical Analysis Statistical analysis was performed with
Prism GraphPad Version 7.01. Mean and standard deviations
of IOP and other parameters were calculated. Independent-
Samples ¢-test was used to compare the difference between
groups. Cases with elevated IOPs were examined with
Chi-square “goodness of fit” test where ONH parameters
comparison was made with Paired #-test.
RESULTS
This prospective study included 100 eyes of 100 high myopia
patients with a mean age of 55.42+13.24 years and mean AL
of 27.37+1.42 mm (Table 1). The mean preoperative IOP was
18.31+5.43 mm Hg, but IOP increased significantly at the
first week (=3.595, P=0.000), when IOP ranged from 10 to
62mmHg (mean IOP: 28.12+16.38 mm Hg), and the end of the
first month after vitrectomy (=2.497, P=0.014). There were
42 patients who exhibited an IOP elevation during the follow-
up time. A total of 42 eyes had an IOP elevation during the
first week, with 39 eyes steadily increasing after the first week
and was successfully managed by IOP lowering medications
or even paracentesis. Finally, three eyes underwent glaucoma
filtration surgery because of refractive elevated IOP levels.
A statistically significant difference was found in the occurrences
of IOP elevation between the two groups, especially 5-7d
(1wk) after vitrectomy (y’=12.588, P=0.000) (Table 2).
The mean IOP was higher in the experimental group than in
the control group in the first week after operation (+=3.284,
P=0.002). At the end of the first month, the IOP in the
experimental group remained higher than the control group
(r=2.402, P=0.021) (Table 3, Figure 1).
RNFL thickness and ONH parameters were measured on
the third day after PPV with silicon oil tamponade by OCT.
However, 11 eyes were excluded because of significant retina
edema, which could influence the data analysis. In all, it was
observed that 31 eyes had IOP elevation and keep on about
one week, the average, superior and inferior RNFL layer were
thinner, rim area was smaller, cup volume and vertical C/D
radio was significant bigger after surgery (Table 4).
RNFL thickness and ONH parameters of the opposite eye were
measured in all the participants and were compared between
IOP elevation patients and the ones had no IOP increased
after operation. The data shown that the average and inferior
quadrant in patients with high IOP were thinner than other
people (Table 5).
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Figure 1 Optical coherence tomography measurement optical
coherence tomography measurement.
Table 1 Baseline characteristics of the study participants

n=100
55.42+13.24°

Characteristics

Age at vitrectomy (a)

Female (%) 40%
AL’ (mm) 27.37+1.42
HbAlc (%) 8.51+3.48
Preoperative [OP° (mm Hg) 18.3145.43
IOP 1wk postoperative (mm Hg) 28.12+16.38
IOP 1mo postoperative (mm Hg) 21.47+5.88

“Mean IOP+SD; "AL: Axial; ‘TOP: Intraocular pressure; HbA lc:
Glycated hemoglobin; Preoperative IOP vs IOP 1wk later after
vitrectomy, =3.595, P=0.000. Preoperative IOP vs IOP 1mo later
after vitrectomy, =2.497, P=0.014.

Table 2 Numbers of patients with elevated IOP postoperative

Experimental Control group
() =53 =47
Time group (n ) .(n ) ‘ : p
Elevation Ratio Elevation Ratio
numbers (%)  numbers (%)
1d 0 0 0 0
5d-1wk 31 58% 11 23% 12.588 “0.00
2wk 0 0 0 0
Imo 3 5% 0 0

Cases with elevated IOPs were examined with Chi-square “goodness

of fit” test and "P value <0.05 was regarded as statistically significant.

Table 3 Preoperative and Postoperative IOPs between groups

mm Hg
T
0d 18.21+4.89 18.44+5.77  0.131  0.603
1d 8.12+1.23 8.44+2.01 1.324  0.192
5d-1wk 38.55+17.42 22.17+5.80  3.284  "0.002
2wk 20.2142.08 18.92+2.99 1.037  0.306
Imo 21.10+2.22 19.33£2.10  2.402  ’0.021

Independent-Sample #-test was used to assess the difference between

groups, and "P value <0.05 was regarded as statistically significant.

DISCUSSION

High myopia is a common ocular condition affecting
billions of people in the world """, An increasing trend of
eye complication, including RRD, has been one of the

main reasons for vision loss in working people. In another
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Table 4 Peripapillary RNFL thickness and optic disc status of the operation eye before and after ocular hypertension

OCT parameters n Before ocular hypertension After ocular hypertension t P
Average 31 68.773+£11.277 56.359+19.135 4.699 0.000
Superior quadrant 31 80.266+16.228 73.333+20.531 2.591 °0.021
Inferior quadrant 31 71.4+15.819 53.266+18.344 4.584 0.000
Nasal quadrant 31 64.8+14.852 61.333+16.189 1.515 0.152
Temporal quadrant 31 55.866+18.106 52.533+13.606 1.341 0.201
Vertical C/D area radio 31 0.531+0.180 0.616+0.206 2.403 0.031
Average C/D area radio 31 0.591+0.183 0.619+0.157 1.457 0.167
The rim area 31 1.262+0.855 0.955+0.549 2.487 ¢
The cup volume 31 0.244+0.177 0.306+0.201 2.587 0.022
‘P value <0.05 was regarded as statistically significant.
Table 5 Peripapillary RNFL thickness and optic disc status of opposite side of individuals

OCT parameters IOP elevation (n=42) IOP non-elevation (n=58) t P
Average 72.061+13.392 80.134+11.033 3.299 “0.001
Superior quadrant 92.331+19.160 98.06+12.114 1.829 0.0704
Inferior quadrant 78.462+25.763 91.24+17.210 2.973 “0.003
Nasal quadrant 72.109+25.892 75.027+12.054 0.753 0.452
Temporal quadrant 66.134+16.902 71.441£10.223 1.951 0.054
Vertical C/D area radio 0.502+0.182 0.498+0.121 0.132 0.895
Average C/D area radio 0.538+0.203 0.441+0.918 0.672 0.503
The rim area 1.266+0.338 1.482+0.644 1.983 0.052
The cup volume 0.168+0.165 0.166+0.474 0.026 0.979

“P values <0.05 were regarded as statistically significant.

hand, people with diabetes is another risk group for retinal
complication and POAG. There are more people underwent
IOP elevation after vitrectomy with silicon oil tamponade
than the ones with normal axial length, which is one of the

12
1 and

major reasons for anterior chamber structure change'
fewer studies are available to discuss the relationship of high
myopia with RRD in diabetic patients and IOP elevation after
vitrectomy with silicon oil tamponade.

Potential mechanisms for such pressure elevation include

trabecular meshwork edema, pupillary block, inflammation,

141 retinal laser'” posture and hemorrhage

combined surgery
and time of RRD". It is considered that trabecular meshwork
edema and inflammation induced by surgery were the
leading causes for IOP elevation in patients who underwent
vitrectomy, and glucocorticoid eye drops has been routine
treatment for all patients after surgery to avoid IOP increasing.
However, high myopia patients may have increased sensitivity
to glucocorticoids because of their special eye anatomical
structure!”’, and they are at high risk of POAG"*", which
can make glucocorticoid sensitivity more serious and more
likely to elevate IOP after vitrectomy than in normal eyes. In
addition, the risk of POAG is increasing when high myopia
patients is diagnosed as diabetes. However, the relationship
of glucocorticoid eye drops, pre-existing POAG and IOP
elevation remains unclear in high myopia patients.

In the literature, corticosteroids have been linked to damage
of the trabecular meshwork and a decrease coefficient of

aqueous outflow!"”

. As the resistance to aqueous humor
outflow increases, a secondary glaucoma will result®*". Clark
et al™ reported that dexamethasone could induce cytoskeletal
changes and an increase in IOP. Zode et al”” found that local
administration of glucocorticoids can result in endoplasmic
reticulum stress in the trabecular meshwork in a murine model
of glucocorticoid-induced glaucoma. In addition, the highly
specialized structure of anterior chamber angle in high myopia
sensitizes to steroids, an otherwise effective mechanism in
restraining inflammation induced by surgery.

The present study analyzed elevated IOP over the course
of vitrectomy with silicon oil tamponade in high myopia
patients with diabetes. We measured the IOP at the first day
after surgery to exclude elevated IOP due to excess silicone
oil injection. We found that postoperative IOP in 5" to 7"
days and 1mo after surgery was significantly higher than
before operation, respectively (=3.595, P=0.000; =2.497,
P=0.014). And incidence of IOP elevation is higher than
control group (y°=3.284, P=0.002) during the first week
following operation. As a result, we propose that topical ocular
dexamethasone treatment at the early stage postoperatively can
ease inflammation in the trabecular meshwork on the one hand
and on the other hand, it might also be a potential risk factor
for IOP elevation in the first week after operation. We believe
that the resulting increase in IOP damages the structure and
function of the trabecular meshwork and increases aqueous
outflow resistance.
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In our study, most patients can recover from secondary
glaucoma with combined IOP lowering medications or anterior
chamber paracentesis, which implies that glucocorticoid-
induced IOP elevation is irreversible. However, there were
three patients who needed filtering surgery for secondary
glaucoma in experimental group and 11 patients in control
group also underwent elevated IOP after vitrectomy, but they
never use glucocorticoid eye drops at all, which suggested that
there might be other reasons for postoperative IOP elevation in
high myopia patients.

High myopia has consistently been associated with POAG
in many population-based studies”***. However, POAG is
usually overlooked because of the pathological changes in high
myopia and patients with diabetes. Jones e al”" reported that
a history of past, current or suspected POAG, are all potential
risk factors for glucocorticoid-induced 1OP elevation. In the
case of high myopia and PPV with silicon oil tamponade, a
history of pre-existing POAG could also be an important risk
factor for post-operative increase in IOP.

RNFL thinning as measured by the OCT has been regarded

1 For

as a common characteristic of high myopia and POAG"
glaucoma discrimination, the ideal technology to measure RNFL
thickness and ONH parameters was the OCT (AUC=0.943,
P<0.001)*". In addition, Leung et /"' showed that RNFL
thinning in glaucoma patients occurred more frequently
in the inferior retina, which is associated with the position
of ganglion cell apoptosis according to the mechanism of
glaucoma™. The present study also analyzed the RNFL
thickness and ONH parameters of the fellow, non-operated in
the group of patients with IOP elevation and the group without
IOP elevation. There was a statistically significant difference
in the RNFL thickness overall average (+=3.299, P=0.001) and
inferior quadrant (=2.973, P=0.003) between two test groups.
However, there was no statistically significant difference in rim
area, cup volume and C/D in the two test groups. We propose
that RNFL thinning and preexisting POAG might be associated
high-risk factors for postoperative IOP elevation. Whereas,
the eyes included in this study was limited, and no glaucoma
related examinations, such as visual field, were collected and
analyze, so the relationship between POAG and vitrectomy
postoperative IOP elevation still need further research.

Apoptosis of retinal ganglion cells and axonal loss is often
present in the earliest stage””, and precedes visual field
BU RNFL thinning is considered to be the
earliest structural damage that can be measured (via the OCT)

damage in glaucoma

with the average RNFL thickness being a better predictor for
carly-stage glaucoma than rim area, cup volume or any other
parameter for diagnosis of retina neurodegeneration in early-

281 However, because of the limitation

stage of glaucoma
of clinical research, research has not extensively reported
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the relationship of short-term IOP elevation and retinal
neurodegeneration.

Hence, the present study discussed the instantaneous effects
of IOP elevation on RNFL loss and optic disc parameters
following PPV and IOP elevation. We found that IOP elevation
can result in significant retinal neurodegeneration, even if
for a very short time. Compared to the parameters before an
elevation in IOP, RNLF thickness decreased in the overall
average and superior and inferior quadrant thicknesses. As the
rim area decreased, cup volume and vertical C/D increased.
However, we did not observe early neuro-retinal damage,
because the duration of IOP elevation was unequal and could
have been caused by the PPV surgery itself.

A limitation of our study was our inability to isolate the
change in RNFL thickness that might have resulted from mild
retinal edema after PPV surgery as Ohta et al"” reports that
can occur up to 12mo after surgery. Another limitation is the
study design. The design does not assign causation. The design
also cannot determine if the independent variable followed
a temporal sequence of occurring before the effect (RNFL
thickness change). Thus, more studies are needed to evaluate
the IOP elevation and neuro-retina damage.

In conclusion, there are numerous risk factors for IOP elevation
following vitrectomy, including the overuse of glucocorticoid
as well as preexisted suspected POAG in high myopia patients,
especially with diabetes. Postoperative IOP elevation should
be avoided because it can lead to damage to neuroretina even
within a very short time. Therefore, regular POAG related
ophthalmic examinations should be done in high myopia
each time before vitrectomy. The judicious use of topical of
glucocorticoid eye drops might be another way to diminish the
incidence of IOP elevation.
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