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Early Vitreous Surgery for Aggressive Posterior
Retinopathy of Prematurity

NORIYUKI AZUMA, MD, PuD, KAORU ISHIKAWA, MD, YUKIKO HAMA, MD,
MIINA HIRAOKA, MD, YUMI SUZUKI, MD, PHD, AND SACHIKO NISHINA, MD, PuD

® PURPOSE: To assess the efficacy of early vitrectomy for
aggressive posterior retinopathy of prematurity (ROP) to
stop progression of retinal detachment.

® DESIGN: Retrospective, noncomparative, consecutive
case series. )

® METHODS: Twenty-two eyes (15 patients) with ag-
gressive posterior ROP underwent vitrectomy with or
without lens sparing, because retinal photocoagulation
failed to stop progression of fibrovascular proliferation,
despite being performed early, densely, and with early
retreatment. We assessed the status of retinal attachment
and foveal formation ophthalmoscopically and the pres-
ence or absence of fixation of visual behavior.

¢ RESULTS: Follow-up ranged from six to 12 months
(mean, 9 months). Six eyes (100%) in which a lens-sparing
vitrectomy was performed developed a large tractional
retinal detachment. In contrast, the retinas were com-
pletely reattached in 16 eyes (100%) in which vitrec-
tomy with lensectomy was performed, nine eyes (56%)
had foveal configuration, and 14 eyes (88%) had steady
fixation.

® CONCLUSIONS: These results suggest that early vitrec-
tomy is effective for preventing retinal detachment in
aggressive posterior ROP. (Am ] Ophthalmol 2006;
142:636-643. © 2006 by Elsevier Inc. All rights re-

served.)

visual outcomes are generally poor!? when the retina
begins to detach and progresses to Stage 4B or 5.
Surgical interventions for retinal detachment associated
with progressive ROP, that is, scleral buckling,?-¢ or
vitrectomy for Stages 4 and 5,7° usually fail to obtain
foveal formation, resulting in poor vision. Recent studies of

l N EYES WITH RETINOPATHY OF PREMATURITY (ROP),
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lens-sparing vitrectomy for Stage 4 ROP have reported
retinal reattachment and foveal formation.!0-14

In contrast to the classical course described by the
Committee for the International Classification of ROP,15
an unusual form of ROP rapidly progresses to a closed
funnel of tractional retinal detachment within one to two
weeks if left untreated. This severe form is referred to as
type II ROP by the Japanese Diagnostic and Therapeutic
Criteria for ROP6.17 or aggressive posterior ROP by the
revised International Classification of ROP.18 Aggressive
posterior ROP commonly occurs in zone I and sometimes
posterior zone 11, with substantial dilation and tortuosity of
the vessels of the posterior pole. The flat network of
neovascularization on the retinal surface at the deceptively
featureless demarcation between the vascularized and non-
vascularized area arises circumferentially, usually extends
for 12 clock hours, and rapidly extends toward the poste-
rior lens surface. Another characteristic of aggressive
posterior ROP is that it may progress to Stage 5 without
exhibiting the classical course that includes Stages 1 to 3.

Early intervention with photocoagulation or cryopexy is
necessary but often fails to stop ROP progression to Stage
5.1920 We report anatomic success after early treatment
with vitrectomy in eyes with aggressive posterior ROP.

METHODS

® PATIENTS: All aspects of this study were approved by
the institutional ethics committee, and the parents of
the patients provided informed consent before the
infants were enrollment in the study. We retrospectively
reviewed the clinical charts and surgical outcomes of 15
infants (30 eyes) with aggressive posterior ROP. All eyes
had previously undergone peripheral laser ablation at
our clinic or elsewhere; however, the primary treatment
stopped the progression of fibrovascular proliferation in
eight eyes. Twenty-two eyes underwent early vitrectomy
as a secondary treatment performed by one surgeon
(N.A.) in our clinic between July 2004 and August
2005.

0002-9394/06/$32.00
doi:10.1016/j.2j0.2006.05.048



& OCULAR EXAMINATION AND LASER PHOTOCOAGU-
LATION: In our clinic and attendant clinics, the initial
ocular screening examinations using binocular indirect
ophthalmoscopy were performed as early as possible when
systemic conditions stabilized, at the latest at three weeks
of chronologic age or 29 weeks of postmenstrual age, in all
premature infants less than 34 weeks of gestational age or
weighing 1800 g or less at birth, and for all infants who
underwent supplemental high-concentration oxygen treat-
ment or surgical intervention. Aggressive posterior ROP,
which is designated as type II ROP in Japan, especially
should be treated as early as possible at the time of
identification.!6-18 The criteria that characterizes the early
phase of aggressive posterior ROP by the Committee for
the International Classification of ROP!® and type II ROP
by the Japanese Diagnostic and Therapeutic Criteria for
ROP16.17 gre the same: (1) posterior location (usually zone
I, and sometimes posterior zone II); (2) prominently
increased dilation and tortuosity of the posterior pole
arteries and veins in all four quadrants; and (3) shunting
from vessel to vessel within the retina and not solely at the
junction between the vascularized and nonvascularized
retina, a flat network of neovascularization at the decep-
tively featureless junction between the vascularized and
nonvascularized retina, or both. Although we usually
perform laser ablation of prethreshold retinopathy based
on the criteria of the Early Treatment for Retinopathy of
Prematurity Study,?!-2? neovascularization in aggressive
posterior. ROP often progresses rapidly from the intrareti-
nal to ‘the extraretinal areas, circumventing the typical
formation of the ridge. Thus vascular shunting sometimes
associated with the presence of hemorrhage widely ob-
served within the retina is an important initial sign.16:17
All eyes of all patients were treated immediately with
argon green laser photocoagulation through an indirect
ophthalmoscope (Lumenis, Santa Clara, California, USA)
when the initial signs of aggressive posterior ROP were
identified. The treatment was applied densely to the
nonvascularized retina (duration 200 to 400 ms; power 300
to 400 mW). The adjacent vascularized retinal area pos-
terior to the ridge, which contained marked vessel shunt-
ing, also was coagulated, because capillary nonperfusion
seemed to be present in the already vascularized retina.?
Laser photocoagulation often was applied repeatedly to the
skip areas, because a remnant of the hyaloid vascular
system including the tunica vasculosa lentis interrupts
penetration of the laser light. Near-infrared diode laser
that sometimes produces excessive coagulation with hardly
distinguishable laser spots is difficult to use, when the
density of the laser application should be varied on the
nonvascularized and vascularized retina. By using argon
green laser that is absorbed more by the hemoglobin in the
tunica vasculosa lentis, subcapsular cataract does not de-
velop after photocoagulation.25:26 When fibrovascular pro-
liferation progressed circumferentially for six or more
continuous clock hours and tractional retinal detachment

VoL. 142, NO. 4

occurred simultaneously (Stage 4), the eye underwent
vitreous surgery as a secondary treatment.

® VITREOUS SURGERY: In the patients who required
secondary treatment, vitreous surgery was performed in
each eye separately a few days to one week apart, or
sometimes in both eyes on the same day, when ROP was
suspected of having progressed rapidly to Stage 5 simulta-
neously in both eyes,'6-18 or when a lengthy period of
anesthesia was more acceptable in the presence of a
systemic condition, such as a respiratory disorder, than a
repeated period of anesthesia. Four infants (six eyes)
underwent a lens-sparing vitrectomy that did not stop the
progression of retinal detachment. Using a small contact
lens designed for premature eyes, a core vitrectomy was
performed in the six eyes.

In the other 11 patients (16 eyes), the lens was removed
to perform vitrectomy in the periphery. In these eyes, a
three-port vitrectomy was performed using the Accurus
25-gauge surgical system (Alcon, Fort Worth, Texas,
USA) that includes cannulas, an infusion pipe, an illumi-
nation pipe, an endophotocoagulation probe, a vitreous
cutter, scissors, and forceps. After performing conjunctival
peritomy, 25-gauge sclerotomies were made 1.0 mm pos-
terior to the limbus through the pars plicata. A wide-field
vitrectomy was performed from the posterior pole to the
vitreous base in the aphakic eyes. Dissection or removal of
the fibrovascular tissues was minimized to avoid bleeding.
A fluid-air exchange and endophotocoagulation were per-
formed in three eyes in which an iatrogenic break devel-
oped. With the exception of these patients, no specific
positioning was used postoperatively. No additional surgi-
cal intervention was performed in any of the 16 eyes.

® ASSESSMENT OF SURGICAL RESULTS: The infants
were followed for six to 12 months (average, nine months)
postoperatively. The preoperative and postoperative clin-
ical charts and wide-field fundus photographs obtained
using RetCam (Nidek, Gamagohri, Japan) were reviewed
retrospectively. The six-month postoperative anatomic
outcomes were determined by binocular ophthalmoscopy
and photography with the patients under general anesthe-
sia. Pediatric ophthalmologists assessed the visual behavior
using suitable refractive correction. Central fixation was
assessed by the corneal light reflex, and steady fixation was
assessed using still and moving targets with the fellow eye
occluded.

RESULTS

® PATIENT CHARACTERISTICS: Seven of the infants
were girls and eight were boys. The gestational ages at
birth ranged from 25 to 30 weeks (average, 25 weeks), and
the birth weights ranged from 466 to 1676 g (average,
773 g). All but two patients weighed less than 1251 g at

EARLY VITREOUS SURGERY FOR AGGRESSIVE POSTERIOR ROP 637



FIGURE 1. Fundus images of ﬂbrovascular tissue (FT) growth and preoperatlve and | postoperatxve lens-sparing vxtrectomy n the
left eye of Patient 2 with aggressive posterior retinopathy of prematurity (ROP) (gestational age 22 weeks; birth weight 479 g).
(Top left) Ten weeks after birth, when the initial signs of aggressive posterior ROP were identified, the first photocoagulation was
performed. (Top right) FT grew from the photocoagulation scars at 18 weeks, despite repeated applications of photocoagulatlon.
(Bottom left) Although an early lens-sparing vitrectomy was performed at 18 weeks, the retinopathy progressed to Stage 5. (Bottom
right) The secondary vitrectomy was performed one month after the initial vitreous surgery; however, retinal folds and significant

degeneration persist.

birth; however, posterior aggressive ROP also developed in
Patient 14 whose birth weight was 1280 g with multiple
malformation syndrome and Patient 15 whose birth weight
was 1676 g with hydrops fetalis. The initial ocular exam-
ination was conducted between one to four weeks (aver-
age, three weeks) of chronologic age (27 to 31 weeks of
postmenstrual age; average, 28 weeks). At this time, the
retina was vascularized within zone I in 22 eyes and in
posterior zone I in eight eyes. In all eyes, the ROP
extended for 12 clock hours in zone | or posterior zone Il
and was characterized by prominent dilation and tortuosity
of the vessels in the four quadrants of the posterior pole at
four to 11 weeks (average, eight weeks) of chronologic age
(29 to 36 weeks of postmenstrual age; average, 33 weeks).
Argon laser photocoagulation was applied densely to the
nonvascularized retina and the adjacent vascularized area

638 AMERICAN JOURNAL OF OPHTHALMOLOGY

that contained prominent vessel shunting two to five times
(average, three times) repeatedly during a period of two to
seven weeks (average, four weeks) in all 30 eyes, because
insufficient regression of the hyaloid vascular system inter-
rupted penetration of the laser light. Photocoagulation
stabilized the ROP in eight eyes. In the other 22 eyes, the
dilation and tortuosity of the retinal vessels and elevation
of the ridge transiently decreased to some extent; how-
ever, they increased again, and the fibrovascular prolif-
eration present circumferentially for nearly 12 clock hours
then progressed and extended toward the posterior lens
surface, and tractional retinal detachment occurred (Figure
1, Top row). Thus the vascularity of ROP remained active
at the time of vitreous surgery in all 22 eyes; the fovea was
not involved with the retinal detachment (Stage 4A) in 15
of the 22 eyes. The fovea was involved (Stage 4B) in seven
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FIGURE 2. Preoperative and postoperative fundus images of aggressive posterior retinopathy of prematurity (ROP) in which early vitrect my
and lensectomy were performed. (Top row) The right eye of Patient 11 (gestational age 25 weeks; birth weigh, 798 g). (Middle row) The left
eye of Patient 13 (gestational age 26 weeks; birth weight 897 g). (Bottom row) The left eye of Patient 7 (gestational age 24 weeks; birth weight
526 g). (Left column) Preoperative fundus images. (Right column) Postoperative fundus images. Various configurations of retinal detachment
and fibrovascular tissue (FT) in Stage 4 ROP may reflect the outcomes of vitreous surgery. Preoperatively, FI arises in the photocoagulation
scars, reaches the posterior lens surface (Top left), extends toward the vitreous base (Middle left), and is attached to the ciliary body and
peripheral retina at the vitreous base (Bottom left), under which a regional traction retinal detachment does (Stage 4B) (Middle left, Bottom left)
or does not (Stage 4A) (Top left) affect the fovea. The retina has reattached with (Middle right, Bottom right) or without (Top right) residual
retinal folds and dragging under the residual fibrous tissue. The dilation and tortuosity of the retinal vessels have decreased postoperatively, and
there is little intraoperative and postoperative bleeding in each eye.
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eyes; fibrovascular tissue did not extend to the vitreous
base in two eyes, was attached to the ciliary body and
peripheral retina at the vitreous base for less than 3 clock
hours in three eyes and 3 clock hours or more in two eyes

(Patients 7 and 8 in Table).

® SURGICAL RESPONSE: In six eyes in which a lens-
sparing vitrectomy was performed, fibrovascular tissue (FT)
continued to grow along the residual peripheral vitreous,
resulting in substantial retinal detachments (Stage 5)
(Figure 1, Bottom left). Another vitrectomy with lensec-
tomy was performed one month later when the vascular-
ization became quiet. Retinal reattachment was achieved
in all six eyes, but there was substantial retinal degenera-
tion (Figure 1, Bottom right). The visual function of the
six eyes was light perception or hand motions.

In contrast, in the 16 eyes in which vitrectomy was
easily performed to the vitreous base after lensectomy,
complete retinal reattachment was achieved at the last
follow-up examination. The retina was dragged around the
scarring of the rtesidual FTs in one (10%) of 10 eyes in
which ROP had progressed to Stage 4A preoperatively, but
in all six eyes in which ROP had progressed to Stage 4B,
because the surgery failed to release the traction of the
wide circumferential FT that was not dissected or removed
(Figure 2, Middle and Bottom row). In three eyes in which
an iatrogenic break developed, the retina also was reat-
tached by fluid-air exchange and endophotocoagulation.

Slight vitreous bleeding occurred from the FT during
vitrectomy in all eyes but was spontaneously absorbed
within two to three weeks postoperatively. The fovea was
well formed at the correct retinal position in nine (90%) of
10 eyes with preoperative Stage 4A ROP (Figure 2, Top
row) and was mildly hypoplastic in one (10%) of 10 eyes
with Stage 4A ROP and four (75%) of six eyes with Stage
4B (Figure 2, Middle row). All 14 eyes had steady central
fixation (SCF). However, in two eyes with stage 4B ROP,
in which wide circumferential FT was attached to the
ciliary body and the peripheral retina at the vitreous base
preoperatively, the retina had been dragged extensively,
the fovea failed to form, and there was no SCF (Figure 2,
Bottom row; Patients 7 and 8 in Table).

No eyes had additional vitreous bleeding, endoph-
thalmitis, thegmatogenous retinal detachment, or neovas-
cular glaucoma. Two eyes had a transiently high intraocular
pressure level that was managed with hypotensive medi-
cation. The characteristics of the 22 eyes are summarized

in the Table.

DISCUSSION

RETINAL PHOTOCOAGULATION OR CRYOPEXY IS SOME-
times effective for stabilizing aggressive posterior ROP;
however, it sometimes cannot stop the progression to
retinal detachment, despite being performed early, densely,

Vou. 142, NoO. 4

and with early retreatment.’®20 When FI and traction
retinal detachment occur 360° circumferentially in zone I,
where aggressive posterior ROP usually occurs, scleral
buckling is not only difficult to perform but also does not
effectively release the traction, because the summit of the
buckle cannot be positioned to counteract the direction of
the fibrovascular growth.?!® Another surgical procedure to
remove or divide the encircling buckle then is needed to
facilitate ocular growth.2?

When vitreous surgery is performed for ROP that
progresses to Stage 5, postoperative visual outcomes are
poor despite successful retinal reattachment.”® Furthermore,
vitreous surgery sometimes cannot be performed when
aggressive posterior ROP results in the development of
corneal opacity, glaucoma, and phthisis soon after progres-
sion to Stage 5.16-18.20

In the current study, we successfully treated aggressive
posterior ROP by early surgical intervention with photo-
coagulation and vitreous surgery. The fovea was well
formed in 56% of the treated eyes, and a good visual
outcome was achieved in all but two eyes. These results
indicate the great benefit of early surgery for aggressive
posterior ROP, in comparison to the poor visual outcomes
after vitreous surgery for Stage 5 ROP, despite surgical and
anesthetic intervention on very small infants. Even though
the vascularity was still active, it was suppressed consider-
ably by retinal photocoagulation that was performed early,
densely, and with early retreatment. We did not com-
pletely remove the FT but did remove the surrounding
vitreous gel, even though there was still retinal traction.
Thus, there was little intraoperative and postoperative
bleeding.

Surgical removal of the vitreous framework might con-
tribute not only to reduced tractional force of the fibro-
vascular tissue but also to suppressed growth of new vessels,
which is activated by the traction.>-¢ This is similar to
outcomes of early vitreous surgery for diabetic retinopa-
thy.28:2% In patients who are young and have more severe
proliferative diabetic retinopathy, there is an obvious
advantage to performing early vitrectomy, while no such
advantage exists for patients with retinopathy consisting of
minimal severe new vessels. Early vitrectomy for diabetic
retinopathy is most suitable for eyes in which both fibrous
proliferation and at least moderately severe new vessels are
present and in those eyes in which extensive scatter
photocoagulation has already been applied.??

Lens preservation is important to prevent deprivation
amblyopia and promote visual development.393! However,
our experience with lens-sparing vitrectomy to treat ag-
gressive posterior ROP did not stop the progression of’
retinal detachment compared with the group in which
lensectomy was performed. Fibrovascular tissue arises from
the posterior retina, reaches the posterior lens surface, then
extends toward the vitreous base, where the vitreous
framework is most condensed, and contracts.! The space in
which the vitreous gel is removed by lens-sparing vitrec-
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tomy is limited to the posterior portion of the vitreous
cavity.1031 Thus lensectomy is necessary to remove the
vitreous gel from a wide area including the vitreous base.

There are various configurations of retinal detachment
and fibrovascular tissue in Stage 4 ROP, which may predict
the outcomes of vitreous surgery. When the fovea is
involved in the retinal detachment, early vitreous surgery
fails to obtain good foveal formation, probably because the
fovea continues to develop after birth.32 When fibrovas-
cular tissue reaches the posterior lens surface and does not
extend toward the vitreous base, the vitreous gel around
the FT is easily removed surgically, resulting in good
outcomes. In contrast, when the FT extends and attaches
to the ciliary body and the peripheral retina at the vitreous
base, the retinal detachment usually progresses more and
involves the fovea. In this case, cutting the FT and
removing the vitreous gel from the vitreous base region are
difficult and result in residual retinal folds or a dragged
retina and no foveal formation. Thus vitreous surgery may
be performed during the period when the FT grows to the
posterior lens surface and has not extended toward the
vitreous base.

The current study had some limitations in that it was
not randomized, controlled, or prospective, the patients
had various systemic conditions, and there were various
types of retinal vasculature and retinal detachments. In
eyes with much poorer retinal vasculature, in which vessels
are present only near the optic disk, FTs likely grow on the
retinal surface and along the trunk of the hyaloid vessels
that arise from the optic disk. Retinopathy that has
progressed further with more extensive retinal detachment
also may be a contraindication to early vitrectomy, because
new vessels secondarily invade and mature in the FT at an
early phase of the regression of retinopathy.

Certain logistical problems also accompany early surgery
for aggressive posterior ROP. Because aggressive posterior
ROP rapidly progresses to Stage 5,16-18 and there are few
surgeons who specialize in vitreous surgery for ROP,
prompt transport of infants and preoperative systemic
examination and management for anesthesia are necessary.
If the surgery is delayed as little as a few days, ROP might
progress to Stage 4B or 5, resulting in poor surgical
outcomes. The surgery should be completed within a short
time, because small premature babies cannot tolerate
systemic anesthesia for a long period.3> Additional anes-
thesia after a short period sometimes causes edema of the
vocal cords or trachea or apnea after extubation that might
result in respiratory insufficiency.?3-34 Thus surgery that is
performed on both eyes with simultaneous aggressive
posterior ROP on the same day may be unavoidable in
premature babies who cannot tolerate anesthesia again
during the course of a few days. Lengthy surgical proce-
dures also should be avoided, including application of
additional photocoagulation, hemostasis, and repairing of
iatrogenic breaks. Thus aggressive removal of the FT on
the retina also might be contraindicated to avoid bleeding
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and iatrogenic break formation. Early, wide, and dense
application of photocoagulation before yitrectomy is im-
portant not only to delay progression of retinal detachment
but also to stabilize vascularity of the retinopathy.
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Chronic macular edema associated with central retinal
vein occluswn (CRVO) and branch retinal vein occlu-
sion (BRVO)is often refractory to treatment including
top1cal and oral corticosteroids, oral acetazolamide,

~and gnd pattern laser photocoagulaﬂon 1.2 Recently,
_more invasive the:aples including vitrectomy and in-
travitreal corticosteroid injections, have been investi-

gated.as a means. of treating macular edema,3* al-
though these carry risks of severe complications,
including v1treops hemorrhage retinal detachment,
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and endophthalmitis. We previously reported the use
of trans-Tenon retrobulbar infusion of triamcinolone
acetonide to treat macular edema and other manifes-
tations of uveitis.> Here we report on use of the same
to treat chronic macular edema in association with
CRVO and BRVO.

Methods

Five eyes of five patients with CRVO and 11 eyes
of 11 patients with BRVO were studied. The median
patient age was 71 years (range, 30—80 years); three
patients had a history of diabetes mellitus and seven
had hypertension. Four of the CRVO eyes were isch-
emic, all having received panretinal photocoagulation,
and one eye was nonischemic. One CRVO eye had
optic disk neovascularization and an additional CRVQO
eye had retinal neovascularization elsewhere. One
BRVO eye had recerved scatter p» ""tocoagulatron to

nonperfused areas of rétina. ‘All eyes 4had macular’

edema of greater than 3 months dur: that was
‘unresponsive to t0p1cal comcosterord' herapy Two
CRVO eyes had undergone v1trectomy for the macular
edema, one with ep1retma1 membrane peehng n ad-
dition, but both « eyes were wrthout 1mprovem nt. No
eyes had recerved gnd pattern laser photoc
to the macula. B
Informed consent was obtamed before each proce-
dure. The patient’s eye was prepped and draped with
topical instillation of 4% Xy]ocame The conjunctlva

quadrant, followed by insertion to the hub of a 23-
gaiige curved blunt ¢annula approx:mately 2.1 ¢m in
length (#HS-2764% Handaya Ca:; Tokyo, Japan) into
the sub-Tenon space and mfusmn of 20 mg tnamcm—
olone acetomde (anto] Ph

- Patients were exammed after the procedure at 2 to 4
’Weeks ‘2 rh‘dﬂths"

fbvea by OCT t .hg the mean of two.@. ross halr
*l‘mages Efﬁcacy of treatment was deﬁned as a foveal

from the pretreatment foveal thickness. Recurrence of
macular edema was defined as a 20% or more increase
in foveal thickness over the thinnest documented pre-
viously. Repeat triamcinolone infusion was consid-

ered for recurrence of macular edema or for an inad-
equate response to the initial infusion, and only in the
absence of elevated IOP. Clinical records were re-
viewed retrospectively.

Case Report

A 73-year-old woman (Table 1, patient no. 2) presented 14
months after the onset of CRVO in her right eye. She had received
scatter peripheral retinal photocoagulation at 1 month after onset.
At presentation, the VA was 0.2, and dilated funduscopy revealed
retinal venous sheathing consistent with an old CRVO, peripheral
laser scars, and severe cystoid macular edema (Figure 1A, B). The
foveal thickness was 368 pm. Two weeks after triamcinolone
infusion, the visual acuity had improved to 0.4 with a foveal
thickness of 57 um (Figure 1C). At approximately 13 months, the
visual acnity was unchanged at 0.4 and the foveal thickness was
140 pm. No complications were observed.

Results

Visual ‘acuity and OCT results of each patient are
presented in Table 1. The median time between onset
of vein occlusion and triamcinolone infusion was 13.9
months (range, 3.8 months to 10 years), and the me-
dian post-triamcinolone infusion follow-up period was
7.0 months (range, 3.0-22 months). Before treatment,
one eye (6.3%) had a VA of 0.6 or better; 14 eyes
(87.5%) had a visual acuity of worse than 0.6 but
better than 0.1, and one eye (6.3%) had a visual acuity
of 0.1 or worse. After treatment, four eyes (25.0%)
had a VA of 0.6 or better; 10 eyes (62.5%) had a VA
of worse than 0.6 but better than 0.1, and two eyes
(12.5%) had a VA of 0.1 or worse. At the time of best
VA and at final examination, VA improvement was
documented in 8 of 16 eyes (50.0%). At final exami-
nation, two eyes (12.5%) had VA worsening, presum-
ably due to persistent macular edema.

- Treatment was judged to be effective in 13 of 16
eyes (81.3%) by 3 months after a single infusion, 5 of
5 CRVO eyes (100%) including the 2 eyes status-post
vitrectomy, and 8 of 11 BRVO eyes (72.7%). Of the
three eyes in which initial treatment was judged not to
be effective, two eyes (both with BRVO) underwent a
second triamcinolone infusion at 3 months and at &
months, but without improvement in the macular
edema. Of the 13 eyes in which initial treatment was
judged to be effective, 8 eyes (61.5%) had recurrences
at 2 weeks to 9 months after treatment. Five of these
recurrence eyes received a second triamcinolone infu-
sion, four eyes at 3 months and one eye at 9 months
after the initial infusion. One recurrence eye eventu-
ally received a total of four infusions over a 1-year,
4-month period. After repeat triamcinolone infusion
for recurrence of macular edema, treatment was
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Table 1. Visual Acuity and Foveal Thickness after Trlamcmolone Infus:on ]
Time of Tme to_ CEe L
Patient Duration* Initial Best best VAT Final recurrérice§ Number of Follow—up '. l‘nitiajli_ Best FT Final FT
No. Diagnosis (months) VA VA (months) VA (mqnths) ; mfuanns , (months) FT (m) . (um) (em)
1 CRVO 52 04 10 12 1.0% 3 4 %2 . 249 249
2 CRVO 14 02 04 05 04 9 2 13 57 140
3 CRVO 8.9 02 04 1 0.1 1 2 10 09+ 227 481
4 CRVO 6.1 02 05 1 0.5 NR 1 6.9 340 57 - 124
5 CRVO 10.6 0.2 04 3 0.4 NR : 1 7.0 - “0 113, 150
6 BRVO 23 05 08 12 0.8 1 2. 13 170, 516
7 BRVO 120 07 08 05 0.7 - A 45 39 226340
8 BRVO 3.8 02 05 3 0.5% NR 2 12 ..368 198 556
9 BRVO 14 0.4 04 NA 0.4 NR 2 210 34 283 526
10 BRVO 17 04 05 6 0.4 NR 1 70 - - 'NA. 375
11 BRVO 20 04 08 3 0.5 NR SO 62 . 425 828
12~ BRVO 23 05 05 NA 0.5 NR P o113 150
13 BRVO 5.0 02 02 NA 0.1 3 2 283 573
14 BRVO 27 02 02 NA 0.2 1 1 170 210
15 BRVO 16 0.1 04 1 0.4 15 1 182 263
16 BRVO 8.8 0.5 09 1 0.8 NR L 131 131
median 13.9 03 05 2 0.5 ‘

7182 302

BRVO, branch retinal vein occiusion; CRVO, central retinal vein occlusi

VA, visual acuity.
* Duration between time of onset and triamcinolone infusion.

T Earliest time at which best VA or best FT was achieved after tnamcmolone fusion: 2

1} Visual acuity partially affected by cataract progression.

§ Time of first recurrence measured from time of initial triamcinolone mfusuon

Jjudged to be effective in two eyes and not effective in
three eyes.

Cataract progression was documented in three eyes
(18.8%), one eye having received four triamcinolorie
infusions. IOP elevation, infection, and other compli-
cations were not noted.

Discussion

Chronic macular edema remains one of the most
difficult to treat sequelae of CRVO and BRVO. Al-
though some eyes improve spontaneously, 58% of
eyes with macular edema due to CRVO will have a
visual acuity worse than 20/100 after 3 years and less
than 20% of eyes will gain two or more lines of visnal
acuity.! The Central Vein Occlusion Study demon-
strated that grid pattern laser photocoagulatlon had no
significant impact on the final visual acuity of eyes
with CRVO and macular edema.!

Triamcinolone acetonide is a potent, relatlvely in-
soluble corticosteroid used for the treatment of in-
traocular inflammation by periocular injections. We
have recently shown efficacy of trans-Tenon retrobul-

bar infusion of this drug for the treatment of vitritis ,

and cystoid macular edema in association with uve-
itis.> The mechanism by which triamcinolone infusion
can decrease chronic macular edema in eyes with
CRVO and BRVO is unclear, but stabilization of the

efficacy by OCT was obtained in 13 of
16 eyes(81.3%) after a single triamcinolone mfusxon
but 8 of these initially résponding eyes had recurrence
of macular edema. Two of five recurrence eyes that
underwent repeat triamcinolone infusions subse-
quently responded. Therefore, overall efficacy was
obtained in 7 of 16 eyes (43.8%) in this study. Recur-
rences are a clear limitation of this treatment, and
longer follow-up is requireéd to investigate this issue.
However, since 50% of eyes experienced visual acuity
improvement, the clinical course after triamcinolone
infusion appears to represent an improvement over
natural history.! )

Conclusion

Trans-Tenon retrobulbar infusion of triamcinolone
acetonide may be effective in decreasing foveal thick-
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coherence tofmography ‘eXamination revealed 4 foveal ttixckness of 368
pm before:(BY and:57:um at 2 ‘weeks after (C) trans=Tenon-retrobulbar
mammnolone Ainfusion. - . ! s

ness and 1mprov1ng v:sual acmty in eyes w1th chromc
rnacular edema, due.to BRVQ or CRVO.

Key words: branch-retinal -vein ‘occlusion, central
retinal; vein.occlusion, macular edema, mamcmolone
acetonide.: . -
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Long-term Results of Vitrectomy without
Laser Treatment for Macular Detachment
Associated with an Optic Disc Pit

Akito Hirakata, MD, Annabelle A. Okada, MD, Tetsuo Hida, MD

Purpose. To evaluate the efficacy of vitrectomy and gas tamponade, without laser photocoagulation to the
margin of the optic nerve, for the treatment of macular detachment assocnated with an optlc disc pit.

Design:
Participants:
detachment associated with an optic disc pit.
Intervention:

Noncomparative interventional case series.
Eleven consecutive patients (8~47 years of age) who presented with unilateral macular

Pars plana vitrectomy, induction of posterior vitreous detachment (PVD), arid gas tamponade

were performed, with postoperatlve facedown positioning for 1 week. The presence of a double-layer detach-
ment consisting of an inner layer separation and an outer layer detachment was observed in 10 of 11 eyes either
preoperatlvely or postoperatively. Patients were observed for 10 to 98 months (mean, 47) after surgery.
Main Outcome Measures: Anatomic outcome and visual acuity were retrospectlvely analyzed for all eyes.
Optical coherence tomography was used to observe anatomic changes in the macula in some eyes.
" Results: Complete retinal reattachment was achieved in 10 of 11 eyes, although these eyes required nearly
1 year to reach this state. The one eye with persistent retinal detachment was observed to have a marked
reduction of the detachment by 10 months postoperatively. No recurrences were observed. Visual acuity

|mprovement was documented in 7 of 11 eyes.

Conclusions: These results suggest that vitrectomy wnth induction of PVD and gas tamponade without
"addmonal laser treatment, is successful in reattaching the macula and improving central vision in most
patlents with- optic-disc pit maculopathy Ophthalmology 2005;112: 1430 1435 © 2005 by the American

Academy of Ophthalmology

~ Congemtal pit of the optlc nerve head is arare anomaly first
* described by Wiethe in 1882. ! Apprommately two thirds of
patients have a concurrent or previous associated serous
retinal detachment (RD) of the macula.>~* The age at onset
of the RD is variable, w1th the mean bemg 30 years. The
pathogenesis of optic disc pit maculopathy is unknown. In
1988, based on a study of stereoscopic transparencies and
 visual fields (VFs), Lincoff et al proposed that fluid from the
optic disc pit creates a schisislike inner layer separation of
the retina.” The outer layer detachment centered over the
macula was suggested to be a secondary phenomenon. More
recently, several authors have confirmed the 2-layer struc-
- ture of optic disc plt maculopathy using optical coherence
" ‘tomography (OCT).5-2
The treatment of serous RD assocxated with an optic disc
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_needed.?

pit is still controversial. The use of laser therapy to pro-
duce a barrier of chorioretinal adhesions at the optic disc
border is often unsuccessful, and repeated treatments are
11 Several reports suggest that vitrectomy com-
bined with laser photocoagulation and gas tamponade may
be more effective than external laser therapy alone, partic-
ularly in eyes with severe visual loss.!?>"5 Theodossiadis
reported that macular scleral buckling can yield favorable
anatomical and functional results.'® Lincoff et al reported
that intravitreal gas injection alone can induce pneumatlc
dlsplacement of the outer layer detachment and improve
central vision.!” However, the effect may only be tempo-
rary, bg:cause recurrence caused by fluid movement from the
remaining inner layer separation was found by OCT.?
Bonnet reported that none of 25 eyes with macular de-
tachment associated with optic disc pit had a posterior
vitreous detachment (PVD), and that 2 of the eyes had
spontaneous reattachment of the macula after development
of PVD.!® Gordon and Chatfield"® and Gass'® found no
evidence of PVD in their cases, and suggested that vitreous
traction on the macula may cause passive migration of fluid
into the submacular space via the pit. Recent experience
with the surgical treatment of macular holes and macular
edema has shown the importance of vitreous tangential
traction in thepathogenesis of these diseases.??~2? Similar
tangential vitreous traction at the pit, an area of abnormal

ISSN 0161-6420/05/$-see front matter
doi:10.1016/j.0phtha.2005.02.013



Figure 1. Composxte of representauve chmcal ﬁndlngs from patients 1 (A~C)and 10 (D-1). All optical colierence tomogtaphy (OCT ) $can lengths were
10 mm. A, Photograph of patient 1's right fundus preoperatively, showing an inferotemporal optic disc pit associated with a large oval-shaped area of
macular detachment (large arrows), a nerve fiber layer defect leading from the optic disc pit (green arrow), and an area of myelinated nerve fibers in the
inferior. macula The outer layer hole (blue arrow) and the round 1.5-disc diameter outer layer detachment (white open arrowheads) also shown were not
present fnitially but developed after 4 months of follow-up. Pteoperatxvely, the best-corrected visual acuity (VA) was 0.2. B, Two months after vitrectomy
and gas tamponade, an 1rregularly shaped bréak was noted ini the outer layer (blue arrow), with the outer layer detachment (white open arrowheads) being
slightly enlarged. A new nerve fiber layer defect was also observed leading from the superotemporal edge of the optic disc (green arrows). C, One year
postoperatively, the macula was observed to be completely reattached, with a VA of 1.0. The netve fiber layer defects remained unchanged. D, Fundus
photograph of patient 10's left eye at presentation, showing a shallow retinal elevation extending from the superotetporal to inferotemporal arcades. A
tound 2-disc diameter outer layer detachment was also observed in the center of the macula, and preoperatively, VA was 0.08. E, Optical coherence
tomography at presentation revealed an inner layer separation as well as a hole in the outer layer detachment at the macula and an outer layer detachment
surrounding the hole. F, Three months after vitrectomy and gas tamponade, OCT showed a decrease in the inner layer separation and outer layer
detachment. G, At 9 months, OCT showed resolution of the inner layer separation but a residual outer layer detachment. H, 1, Fundus photograph and
OCT at 12 months postoperatively showing the macula completely reattached and the optic disc pit appearing grayer and deeper than preoperatively.
Visual acuity was 1.2.
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Table 1. Clinical

Age Refractive Error Preoperative Best-Corrected .
Patient (yrs) Gender Eye (Diopters) Symptom Visual Acuity Pit Location
1 40 F R -2.0 Central scotoma 0.3 Inferotemporal
2 15 F L -1.0 Decreased VA 0.2 Inferotemporal
3 43 F L -1.5 Central scotoma 0.08 Temporal
4 30 M R -0.5 Central scotoma 0.6 Temporal
5 22 M L -1.0 Metamorphopsia 0.5 Inside in coloboma
6 19 M R 0.0 Central scotoma 0.4 Temporal
7 24 M L 0.0 Central scotoma 0.6 Inferior
8 42 F R -1.0 Metamorphopsia 1.0 Central
9 47 M L 0.0 Central scotoma 0.2 Inferotemporal
10 8 F L -1.0 - Decreased VA 0.08 Temporal
11 44 F R 0.0 Decreased VA 0.4 Temporal

F = female; L = lef;; M = male; R = right; VA = best-corrected visual acuity; VF = visual field.

+, present; —, absent.
*Duration in months.
TDisplacement of subretinal fluid immediately after surgery.

configuration of the optic disc, may cause migration of fluid
into intraretinal spaces. We believe that posterior vitreous
traction on the margin of the optic disc pit may play an
important role in the pathogenesis of this disease. There
have been several reports regarding the efficacy of vitrec-
tomy and gas tamponade with conflicting results, some
reporting the recurrence of macular detachment with long-
term follow-up after surgery.®!>~1% However, most of these
reports did not specify whether PVD induction was per-
formed, and some stated that only core vitrectomy permit-
ting space for a 60% to 70% gas tamponade was performed.

The purpose of this study was to examine long-term
clinical outcomes in 11 eyes that underwent vitrectomy with
PVD induction and gas tamponade, without laser applica-
tion, for the treatment of optic disc pit maculopathy.

Patients and Methods

Eleven eyes of 11 consecutive patients who presented to the
Kyorin Eye Center with an optic disc pit associated with macular
detachment were included in this study. Institutional review board
approval was not required, and records were reviewed retrospec-
tively. Best-corrected visual acuity (VA) was recorded, and indi-
rect funduscopy, slit-lamp biomicroscopy using a contact lens, and
Goldman VF examinations were performed preoperatively and
postoperatively. Scanning laser ophthalmoscopy and fluorescein
angiography were done preoperatively to confirm the optic disc pit
and macular abnormalities in some patients. Optical coherence
tomography (Zeiss-Humphrey, San Leandro, CA) was used to
observe posterior retinal changes in cases with follow-up from
1999 on.

Surgery was performed for the indication of worsening VA or
for macular detachment persisting for =3 months. All surgeries
were performed by the same surgeon (AH) between July 1994 and
October 2003, and patients were observed postoperatively for 10 to
98 months (mean, 47). Vitrectomy was performed with the inten-
tion of releasing vitreous traction at the optic disc pit. Posterior
vitreous detachment was initiated by suction over the optic disc or
near areas of retinal schisis using the vitreous cutter. To limit
retinal damage secondary to surgical manipulation, special atten-
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tion was given to separating the posterior hyaloid gently over
schisis areas. Triamcinolone acetonide®®?* was used intraopera-
tively in 2 eyes (patients 10 and 11) and fluorescein dye®>?¢ in 1
eye (patient 2) to highlight the posterior hyaloid membrane. After
removal of the posterior hyaloid over the posterior pole, fluid—air
exchange was performed, followed by gas tamponade with either
15% to 20% sulfur hexafluoride or 14% perfluoropropane and
postoperative facedown positioning for approximately 1 week.

Cataract surgery was not performed, except in patient 3, who
underwent lens extraction and intraocular lens implantation during
a second vitrectomy procedure to close a macular hole.

Results

Clinical Characteristics

The clinical characteristics of all 11 patients are shown in Table 1,
and clinical photographs of representative patients are shown in
Figure 1. Six of the patients were women and 5 were men, with
ages ranging from 8 to 47 years (mean, 30.4). All patients were of
Japanese ethnicity, except for patient 7, who was Caucasian. All
patients complained of a central scotoma or metamorphopsia in the
affected eye for several months. None of the affected eyes had
severe refractive errors, and preoperative VA ranged from 0.08 to
1.0 (mean, 0.3). Patient 7 had received previous treatment for the
optic disc pit maculopathy, consisting of laser photocoagulation to
the edge of the optic disc pit, but no other patients had received any
prior treatment. Nine of the 11 patients had no pertinent medical or
ocular history. Patient 10 was referred to our hospital for visual
disturbance after blunt ocular trauma by a volleyball, at which time
macular detachment associated with an optic disc pit was diag-
nosed in the injured eye. Patient 8 had a history of RD surgery in
the fellow eye.

The presence of a double-layer detachment, consisting of both
an inner layer separation and an outer layer detachment, was
confirmed either before or after surgery in 10 of 11 eyes. The outer
layer detachment did not seem to communicate with the optic disc
in 8 eyes, but did seem to do so in 2 eyes. An irregularly shaped
outer layer break and outer layer detachment were observed to
develop after schisislike inner layer separation in patients 1
(Fig 1A) and 4 preoperatively and in patient 8 postoperatively. An
outer layer break in the macula was present or developed sometime



Hirakata et al - Vitrectomy for Optic Disc Pit Maculopathy

Characteristics

Double Layer  Outer Layer

Duration until

Duration of Retinal Hole at Posterior Vitreous Macular Final Best-Corrected

Symptom* Detachment Fovea Detachment Attachment# Visual Acuity Complications Follow-up*

5.0 + + - 12 1.2 Peripheral VF defect 80

>36.0 + + — 2 0.04 Retinal damage 91

6.0 + + - 5 0.1 —_ 98

6.0 + -+ - 8 0.8 Retinal break 24

2.0 - - - 127 1.2 — 73

9.0 + + - 127 1.0 — 37

24.0 + - - 127 1.2 — 15

2.0 + + - 15 1.0 — 57

3.0 + + - 10 1.2 — 14

5.0 + + - 12 1.2 — 12

24.0 + -+ - Flatter 10 — 10

during the clinical course in a total of 9 of the 11 eyes. One eye
(patient 3) had a full-thickness macular hole preoperatively. Nei-
ther PVD nor vitreomacular or vitreopapillary traction was ob-
served in any eyes preoperatively by fundus biomicroscopy; OCT
performed preoperatively in 5 eyes also did not reveal vitreomacu-
lar or vitreopapillary traction.

Anatomic Results

Complete retinal reattachment was achieved in 10 of 11 eyes, al-
though these eyes required nearly 1 year to reach this state (Fig 1).
Interestingly, after surgery the outer layer break seemed to enlarge
temporarily in most cases (Fig 1B). One eye had persistent RD
after surgery, but was documented by OCT to have marked reduc-
tion of the detachment by 10 months postoperatively. No recur-
rences were observed in any eyes.

Observation by OCT showed slow absorption of the inner layer
separation and outer layer detachment after surgery, with complete
absorption of fluid after 2 to 15 months (Fig 1E-G, I). The macular
hole present preoperatively in patient 3 remained open after sur-
gery, but without surrounding RD (fluid cuff) or retinal edema.
However, 3 years postoperatively a fluid cuff appeared around the
macular hole, with corresponding decrease in vision, and a second
vitrectomy procedure with internal limiting membrane peeling and
gas tamponade successfully closed the hole.

Two patients (5 and 11) also had an optic disc coloboma, with
the optic disc pit present within the area of the coloboma. The pits
were not obvious preoperatively; however, postoperatively, as the
retina reattached, the pits were easily observed as being darker and
deeper relative to the surrounding colobomatous areas.

Visual Acuity Results

Preoperative and final VAs are shown in Table 1. Despite evidence
of residual shallow inner layer separation and outer layer detach-
ment, VA started to improve within a few months in most eyes.
Improvement in VA of 0.2 logarithms of the minimum angle of
resolution or greater was documented in 7 of 11 eyes. Nine of 11
eyes had a postoperative VA of 0.8 or better.

Complications

Intraoperative or postoperative complications were observed in 3
patients. Patient 1 developed a dense scotoma in the inferotempo-

ral quadrant with a nerve fiber layer defect between 12-0’clock and
3-o’clock at 2 weeks postoperatively (Fig 1B). At final examina-
tion 1 year postoperatively, VA was 1.0, with the macula reat-
tached and no change in the nerve fiber layer defect (Fig 1C).

Patient 2, a 15-year-old girl, underwent vitrectomy and fluo-
rescein dye-assisted PVD induction followed by 15% sulfur
hexafluoride tamponade. The surgeon noted difficulty in inducing
the PVD, resorting to the use of a retinal pick and forceps in
addition to cutter suction. A few drops of 2% flucrescein dye were
introduced to the infusion line to highlight the posterior hyaloid
membrane.®>?® A tiny hemorrhage was noted at the superior
margin of the optic disc after complete vitreous separation: On the
second postoperative day, the patient complained of darkened
vision, and whitening of the retina was observed around the optic
disc in a gas-filled eye. Fluorescein angiography showed normal
arm-to-retina circulation times. Oral prednisolone at a dose of
40 mg tapered to 30 mg was administered for a total of 9 days for
the possibility of inflammation related to the surgical manipulation
or phototoxicity, but the retinal findings remained unchanged.
Electoretinography performed on the fifth postoperative day
showed a negative b-wave and 'a reduced a-wave. Pigmenied
atrophy of the peripapillary area developed over 6 months.

Patient 4 developed an iatrogenic peripheral retinal break in-
traoperatively during PVD induction that was treated successfully
with laser photocoagulation.

Discussion

In this study, we were able to confirm Lincoff et al’s notion
of a double-layer detachment in 10 of 11 eyes with optic
disc pit maculopathy.® An outer layer detachment was ob-
served either preoperatively or postoperatively as a second-
ary phenomenon, developing after presence of an inner
layer separation in 3 eyes. In the remaining 7 eyes, the outer
layer detachment, along with an outer layer break, was
observed at presentation.

Lincoff et al reported on the successful use of intravitreal
gas tamponade without vitrectomy to induce pneumatic
displacement of the outer layer detachment and improve
central vision.!” However, OCT findings have suggested
that fluid may continue to flow from the remaining inner
layer separation to the outer layer detachment.® Because we
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