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for open-globe injury patients on the
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ABSTRACT

Objective: To study the effects of timing of vitrectomy performed for open-globe injury patients on the
thickness of retinal nerve fiber layer (RNFL).

Methods: A total of 120 patients with traumatic optic neuropathy (TON) were selected and divided into a
treatment group and a control group by random draw (n=60). Vitrectomy was performed within one week
upon injury for treatment group and after one week for control group. The thickness of RNFL was observed
by optical coherence tomography.

Results: All surgeries were conducted successfully, without severe complications. The best corrected visual
acuity of treatment group surpassed that of control group one month after surgery, and treatment group
had an obviously higher overall effective rate (95.0%) than control group did (81.7%). The incidence rate
of postoperative complications in treatment group (6.7%) was significantly lower than that of control group
(28.3%) (P<0.05). Logistic multivariate regression analysis showed that vitrectomy timing and postoperative
complications were independent risk factors of prognosis (P<0.05). Both groups had significantly thinner
RNFLs one week after surgery (P<0.05), and treatment group almost recovered within one month (P>0.05).
Conclusion: Early vitrectomy effectively augmented the visual acuity of patients with TON, decreased
complications, affected RNFL thickness reversibly, and improved prognosis.
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soon as possible to improve the therapeutic effects,
but the specific timing has not been determined.®’

Pathologically, TON is induced by the loss of
retinal ganglion cells (RGCs) from the retinal nerve
fiber layer (RNFL).® Upon retinal optic nerve injury,
RGCs gradually decrease and RNFL attenuates,
thus reducing the visual acuity of patients. To this
end, the aim of vitrectomy is to protect the survival
RGCs after primary injury to recover visual acuity.’
Optical coherence tomography (OCT), which is a
high-resolution tomographic imaging system, can
directly measure the retinal thickness by imaging
and clearly displaying the retinal tomographic
structure. As a result, it is possible to better carry
out biopsy.'"

In this study, the thickness of RNFL was
measured by OCT to analyze the influence of
timing of vitrectomy performed for open-globe
injury patients, aiming to postulate the disease
development procedure and the optimum timing
for surgery.

METHODS

Subjects: A total of 120 patients with traumatic optic
neuropathy, who were treated in our hospital from
September 2009 to November 2013, were selected in
this study.

Inclusion criteria: The patients conforming to the
diagnostic standards of TON; the patients with
unilateral eye injury (the other eye was healthy);
the patients aged 18-60 years old; the patients with
written consent.

Exclusion criteria: The patients with incomplete
eyeball, fundus hemorrhage, retinal edema and
optic disc anomalies; the patients with glaucoma,
retinal vascular disease, macular degeneration
and retinal detachment that may alter the retinal
optic nerve; the patients who had used drugs with
ocular toxicity; the patients with refractive media
opacity or fixed parallax that may interfere with
the detection of OCT. There were 78 males and
42 females who were aged from 21 to 59 years
old (average: 42.63+4.15). Sixty-eight left eyes
and fifty-two right eyes were included. Causes of
injury: 60 cases of traffic accident injury, 32 cases
of blast injury, 20 cases of blow injury, 6 cases of
boxing injury, and 2 cases of foreign-body stabbing
injury. Fifteen patients had the best corrected visual
acuities lower than 0.01, and those of 65 cases and
40 cases were no less than 0.1 to lower than 0.3 and
no less than 0.3 respectively. The patients were then
divided into a treatment group and a control group
by random draw (n=60), and the baseline data of
the two groups were similar (P>0.05).
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Timing of vitrectomy

Surgical methods: Vitrectomy was performed
within one week upon injury for the treatment
group and after one week for the control group.
The patients were subjected to block anesthesia
by injecting 2% lidocaine and 0.75% bupivacaine
(v/v, 1/1) into the ciliary ganglion. Afterwards,
the eyelid was opened and the conjunctival sac
was rinsed by antibiotic solution. The bulbar
conjunctiva was opened at the 2-o’clock, 7-0’clock
and 10-o’clock positions, and the sclera was
electrocoagulated. Then a closed incision was made
3.5 mm from the corneal limbus by a sclerotome,
which was connected with an infusion tube at the
7-0’clock position. Subsequently, the vitreous body
was resected and vitreous hemorrhage was cleared,
and the retina was reset before infusing silicone
oil. The scleral incision was thereafter interrupted-
sutured to reset the position of the conjunctiva, and
gentamicin in combination with dexamethasone
was injected subconjunctivally. Finally, the treated
eye was coated with ointment, and both eyes were
covered.

Meanwhile, laser therapy was also performed,
and the patients were administered antibiotics and
hormones after surgery when necessary.
Observation indices: Eye examination: The best
corrected visual acuity was examined before
surgery and one week, one month after respectively
by using an international standard eye chart.
Examination of RNFL: The thickness (pm) of RNFL
was observed by ring-like OCT centered at the optic
disc toward each axial direction with a diameter of
3.4 mm, and was measured by a computer. The
measurement was completed by the same personnel
under the same conditions.

Observation of complications: Complications in
the postoperative one month, including hypotony,
hyphema, secondary glaucoma, choroidal
detachment and uveal reaction, were observed.
Determination of overall effective rate: Visual
acuity was increased by three lines in the standard
logarithmic visual acuity chart, with evidently
improved clinical signs and mitigated visual field
abnormality.

Statistical analysis: All data were analyzed by
SPSS515.0. Inter-group comparisons were performed
by Chi-square test, Wilcoxon rank sum test, t test
and analysis of variance. P<0.05 was considered
statistically significant. The relationships between
the epidemiological state, disease state, surgical
outcome and overall therapeutic effects and
prognosis were evaluated by one-way univariate
analysis.
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Table-I: Postoperative best corrected visual acuities (n).

Group Case No. <0.1 >0.1<0.3 =0.3
Treatment group 60 0 (0.0%) 15 (25.0%) 45 (75.0%)
Control group 60 5(8.3%) 27 (45.0%) 28 (46.7%)
X2 9.445
P <0.05
Table-1I: Postoperative overall effective rates (n).
Group Case No. Effective Ineffective Owerall effective rate
Treatment group 60 57 3 95.0%
Control group 60 49 11 81.7%
X2 4.874
P <0.05

Table-III: Postoperative complications (n).

Group Case No. Hypotony Hyphema Secondary glaucoma Choroidal detachment Uveal reaction — Total
Treatment group 60 1 0 2 0 1 4(6.7%)
Control group 60 2 2 6 2 5 17 (28.3%)
X2 6.881

P <0.05

Table-IV: Changes of RNFL thickness at different time points (um, x#s).

Group Case number (n) Before Postoperative 1st week Postoperative 1st month
Treatment group 60 0.251+0.008 0.230+0.091 0.249+0.127
Control group 60 0.253+0.010 0.211+0.100 0.225+0.045
t 0.085 1.025 4.125
p <0.05 <0.05 <0.05
RESULTS Analysis of prognostic factors: Logistic multivariate

Changes of visual acuity: One month after surgery,
the best corrected visual acuity of the treatment
group significantly excelled that of the control
group (P<0.05) (Table-I).

Overall effective rate: The treatment group
had a significantly higher overall effective rate
(95.0%) than the control group did (81.7%) in the
postoperative 1st month (P<0.05) (Table-II).
Postoperative complications: All the surgeries
were conducted successfully, without any severe
complications. The incidence of postoperative
complications in the treatment group (6.7%) was
significantly lower than that of the control group
(28.3%) (P<0.05) (Table-III).

Changes of RNFL thickness: Both groups had
significantly thinner retinal nerve fiber layers one
week after surgery compared with those before
surgery (P<0.05). However, only the thickness of
the treatment group recovered one month after
surgery (P>0.05) (Fig. 1), while that of the control
group failed to do so (P<0.05) (Fig.2). Meanwhile,
there was a significant difference between the two
groups (P<0.05) (Table-1V).
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regression analysis showed that the time of
vitrectomy and postoperative complications were
the independent risk factors of prognostic effective
rate (P<0.05) (Table-V).

DISCUSSION

As the most important sense organ in human
body, eye is subject to various injuries that
endanger human health and even lead to
disability or blindness. Eye injuries usually have
poor prognosis owing to unexpected accidents
and complicated symptoms.”> Of all open-globe
injuries, TON is common among middle-aged and
young men because of traffic and fall accidents. At
present, the mechanism for TON remains unclear.
Upon retinal optic nerve injury, the retina becomes

Table-V: Logistic multivariate regression
analysis of prognostic factors.

Factor B SE P OR

Surgical time 2.482 1.062 0.002 0.095

Postoperative 2.239 1.003 0.012 0.108
complications
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Fig.1: Preoperative and postoperative RNFL
thicknesses of the treatment group.
(A) Preoperative; (B) postoperative 1st week;
(C) postoperative 1st month.

incomplete due to axonal mechanical damages
and undergoes secondary ganglion apoptosis and
necrosis, eventually giving rise to irreversible
visual decline and loss.”® In addition, there remains
controversy over the treatment of TON, which is
now mainly performed by surgery in combination
with glucocorticoid administration.™

Particularly, vitrectomy is given first priority to
relieve edema-induced optic oppression, to improve
local blood circulation, to increase blood flow within
the optic nerve, and to eliminate secondary optic
nerve injury.”” Nevertheless, vitrectomy may result
in severe postoperative complications. It has been
reported that early vitrectomy can remove blood
clots and accelerate recovery. In case of proliferative
changes, however, neovascular membrane or cord
is commonly organized, thus requiring complex
surgical protocols and decelerating vision recovery.
Uponaggravation, visual acuity isbound to decrease
owing to complicated retinal detachment.’® All the
surgeries were conducted successfully, without

Fig.2: Preoperative and postoperative RNFL
thicknesses of the control group.
(A) Preoperative; (B) postoperative 1st week;
(C) postoperative 1st month.

any severe complications. The best corrected visual
acuity of the treatment group was better than that
of the control group one month after surgery, and
the treatment group had a significantly higher
overall effective rate (95.0%) than the control group
did (81.7%) (P<0.05).

In the early stage of open-globe injury, bleeding
and toxic substances do mnot induce macular
edema or retinal traction by not destructing the
macula lutea. Hence, it is highly recommended to
perform vitrectomy as soon as possible."” In the late
stage, TON patients may suffer from secondary
pathological changes that lead to the dysfunction
and death of retinal ganglion cells, during which
the macula lutea and the vitreous base are dragged
by the vitreous body. As a result, the patients may
succumb to postoperative complications because of
retinal damages.”® The incidence of postoperative
complications in the treatment group (6.7%) was
significantly lower than that of the control group
(28.3%) (P<0.05). Logistic multivariate regression
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analysis showed that the time of vitrectomy and
postoperative complications were the independent
risk factors of prognosis (P<0.05). Moreover,
vitrectomy blocks the axonal transport of optic
nerve fibers by pulling the fibers and the optic
disc-nourishing blood vessels. Accordingly, it is
necessary to perform vitrectomy as soon as possible
to minimize the injuries to the frontal optic nerve.

RNFL of normal people is double hump-shaped,
the thickness of which represents visual functions.
First, decreased vision mainly results from the loss
of retinal ganglion cells which can be reflected by
the thickness changes of RNFL.” Second, upon
optic nerve injury, the preservation and recovery
of vision are predominantly controlled by the
number of survived retinal ganglion cells and the
regeneration of axons. In other words, the thickness
of RNFL suggests the changes of visual function.”
As a novel non-contacting, non-traumatic optical
imaging technique, OCT is safe, accurate and highly
repeatable, with high axial resolution that can
directly, clearly display the topographic changes
of retinochoroidal tissues.” Both groups had
significantly thinner retinal nerve fiber layers one
week after surgery (P<0.05), and the thickness of the
treatment group recovered one month after surgery
(P>0.05). In the meantime, there was a significant
inter-group difference (P<0.05). The outcomes
herein suggested that early vitrectomy affected
the morphology of RNFL, but the influences were
reversible, without or only slightly affecting retinal
functions.

In summary, TON is one of the main blinding
eye diseases, which can be effectively mitigated by
early vitrectomy that better augments visual acuity
and reduces complications. Furthermore, the effects
on the thickness of RNFL are reversible, thereby
giving satisfactory prognosis.

REFERENCES

1. Kanamori A, Nakamura M, Yamada Y, Negi A. Longitudinal Study
of Retinal Nerve Fiber Layer Thickness and Ganglion Cell Complex
in Traumatic Optic Neuropathy. Arch Ophthalmol. 2012;130(8):1067-
1069. doi: 10.1001/archophthalmol.2012.470.

2. Song WK, Kim SS, Yi JH, Byeon SH, Koh HJ, Lee SC, et al. Axial
length and intraoperative posterior vitreous detachment as
predictive factors for surgical outcomes of diabetic vitrectomy. Eye
(Lond). 2010;24(7):1273-1278. doi: 10.1038/ eye.2009.332.

3. Davuluri G, Espina V, Petricoin EF 3rd, Ross M, Deng ], Liotta
LA, et al. Activated VEGF receptor shed into the vitreous in eyes
with wet AMD: a new class of biomarkers in the vitreous with
potential for predicting the treatment timing and monitoring
response. Arch Ophthalmol. 2009;127(5):613-621. doi: 10.1001/
archophthalmol.2009.88.

4. Sihota R, Sony P, Gupta V, Dada T, Singh R. Diagnostic capability
of optical coherence tomography in evaluating the degree of
glaucomatous retinal nerve fiber damage. Inves Ophthalmol Vis Sci.
2006;47(5):2006-2010. doi: 10.1167/i0vs.05-1102.

104 Pak J Med Sci 2015 Vol. 31 No.1

www.pjms.com.pk

[Epub ahead of print]

5. Matsuo T. Timing of prophylactic and early vitrectomy for first-
presenting or recurrent acute retinal necrosis syndrome. Acta Med
Okayama. 2012;66(6):493-497.

6. Ramchandran RS, Diloreto DA Jr, Chung MM, Kleinman DM,
Plotnik RP, Graman P, et al. Infectious endophthalmitis in adult
eyes receiving Boston type I keratoprosthesis. Ophthalmology.
2012;119(4):674-681. doi: 10.1016/j.ophtha.2011.10.009.

7. Tano Y. Pathologic myopia: where are we now. Am ] ophthalmol.
2002;134(5):645-660. doi: 10.1016/S0002-9394(02)01883-4.

8. ZhangL, LiuY, ChenS, Wang Y. [Clinical observation of the vitreous
surgery for open-globe injuries in different timing after the trauma].
Zhonghua Yan Ke Za Zhi. 2014;50(2):121-125.

9. Modi YS, Epstein A, Smiddy WE, Murray TG, Feuer W, Flynn
HW Jr. Retained lens fragments after cataract surgery: outcomes
of same-day versus later pars plana vitrectomy. Am J Ophthalmol.
2013;156(3):454-459. doi: 10.1016/j.aj0.2013.04.038.

10. Rada JA, Johnson JM, Achen VR, Rada KG. Inhibition of scleral
proteoglycan synthesis blocks deprivation-induced axial elongation in
chicks. Exp Eye Res. 2002;74(2):205-215. doi: 10.1006/ exer.2001.1113.

11. Hornan D, Edmeades N, Krishnan R, Khan J, Lochhead J. Use of
pegaptanib for recurrent and non-clearing vitreous haemorrhage in
proliferative diabetic retinopathy. Eye (Lond). 2010,24(8):1315-1319.
doi: 10.1038/ eye.2010.14.

12.  Abbott CJ, Choe TE, Lusardi TA, Burgoyne CF, Wang L, Fortune B.
Evaluation of retinal nerve fiber layer thickness and axonal transport
1 and 2 weeks after 8 hours of acute intraocular pressure elevation
in rats. Invest Ophthalmol Vis Sci. 2014;55(2):674-687. doi: 10.1167/
iovs.13-12811.

13. Koh VT, Nah GK, Chang L, Yang AH, Lin ST, Ohno-Matsui K, et
al. Pathologic changes in highly myopic eyes of young males in
Singapore. Ann Acad Med Singapore. 2013;42(5):216-224.

14. Guo LY, Wei JK, Yang SC, Wang ZB. [Glaucoma model for stem cell
transplantation research in New Zealand white rabbits]. Dongwuxue
Yanjiu. 2012;33(2):225-230. doi: 10.3724/SP.].1141.2012.02225.

15. Pawar N, Maheshwari D, Ravindran M, Ramakrishnan R. Retinal
nerve fiber layer thickness in normal Indian pediatric population
measured with optical coherence tomography. Indian ] Ophthalmol.
2014;62(4):412-418. doi: 10.4103/0301-4738.121185.

16. Rao A. Comparison of relation between visual function index
and retinal nerve fiber layer structure by optical coherence
tomography among primary open angle glaucoma and primary
angle closure glaucoma eyes. Oman ] Ophthalmol. 2014;7(1):9-12.
doi: 10.4103/0974-620X.127911.

17. Koh V, Wee S, Lim M, Wong WL, Wong TY, Aung T, et al. Can
an inexperienced observer accurately plot disc contours using
Heidelberg retinal Tomograph? Can ] Ophthalmol. 2014;49(3):249-
255. doi: 10.1016/j.jcjo.2014.02.006.

18. Mead B, Logan A, Berry M, Leadbeater W, Scheven BA. Intravitreally
transplanted dental pulp stem cells promote neuroprotection and
axon regeneration of retinal ganglion cells after optic nerve injury.
Invest Ophthalmol Vis Sci. 2013;54(12):7544-7556. doi: 10.1167/
iovs.13-13045.

19. Chrzanowska B, Szuminski M, Oziebto-Kupczyk M, Bakunowicz-
Lazarczyk A. [Macular morphology and peripapillary retinal nerve
fiber layer thickness in children with regressed retinopathy of
prematurity]. Klin Oczna. 2013;115(4):280-284.

20. Lee JW, Liu CC, Chan JC, Lai JS. Predictors of Success in Selective
Laser Trabeculoplasty for Chinese Open-angle Glaucoma. ]
Glaucoma. 2014;23(5):321-325. doi: 10.1097/1JG.0000000000000049.

21. Park YR, Jee D. Changes in peripapillary retinal nerve fiber layer
thickness after pattern scanning laser photocoagulation in patients
with diabetic retinopathy. Korean ] Ophthalmol. 2014;28(3):220-225.
doi: 10.3341/kjo.2014.28.3.220.

Authors Contribution:

XMC & YNZ conceived, designed and did statistical
analysis & editing of manuscript. XMC, YNZ & SQH
did data collection and manuscript writing. YHZ did
review and final approval of manuscript. YHZ takes the
responsibility and is accountable for all aspects of the
work in ensuring that questions related to the accuracy
or integrity of any part of the work are appropriately
investigated and resolved.



