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Fvaluation of Scleral Buckling for Stage 4A Retinopathy
of Prematurity by Fluorescein Angiography

TAE YOKOI, TADASH! YOKOI, YURI KOBAYASHI, MIINA HIRAOKA, SACHIKO NISHINA, AND
NORIYUKI AZUMA

& PURPOSE: To determine the early efficacy of scleral
buckling tor active neovascularization by fundus fluores-
cein angiovraphy (FA) in eves with stage +A retinopathy
of prematurity,

e DESIGN: A retrospective, nonrandomized, observa-
tional case series.

® METHODS: Patients who underwent scleral buckling
for stage 4A ROP at the National Center tor Child
Health and Development, Tokyo, Japan, from October
2007 through November 2008 were included. Preoper-
ative and postoperative FA and fundus photographs
obtained with a wide-field digital pediatric imaging system
were reviewed, Three patients (5 eyes; gestational ages at
birth, 23 to 25 weeks; bicth weights, 574 to 811 ¢) with
zone 1 stage 4A ROP who underwent postoperative FA,
2 weeks or less after scleral buckling (range, 7 to 12
days; postmenstrual ages at postoperative FA, 41 to 45
weeks) were evaluated. Patients who underwent postop-
erative FA 2 weeks or more after scleral buckling were
excluded.

® RESULTS: Despite fluorescein leakage from fibrovascu-
lar tissue in all eyes before surgery, markedly decreased
leakage occurred only between 7 to 12 days after surgery.
The retinas were reattached completely in all eyes after
surgery.

® CONCLUSIONS: Scleral buckling may prevent progres-
sion of retinal detachment in stage 4A ROP by reducing the
tractional force and stabilizing the neovascular activity of
the fibrovascular tissue.  (Am J Ophthalmol 2009;148:
544-550. © 2009 by Elsevier Inc. All rights reserved.)

ETINOPATHY OF PRENATURITY (ROPY SOMETIMES

progresses to retinal detachment (RD) despite ap-

plicarion of early dense photacoagulation. Surgery
is considered ar the next trenrment. Scleral buckling!™7 or
lens-sparing vitrectomy® ' has been performed with good
surgical outcomes in eyes with stage 4A ROP, with the
exception of those with aggressive posterior ROP. Scleral
buckling or lens-sparing vitrectomy cannot stop the pro-
gression of RDs in eyes with aggressive posterior ROP
because fibrovascular tissue rapidly reaches the posterior
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lens surface, extends toward the vitreous base, and gener-
ates higher contractile forces."” Scleral buckling has been
performed in less advanced cases of stage 4A ROP, and the
mechanism of action has been reported to be relief of the

Gl4.16,17 However, it is unknown

vitreoretinal traction.
whether scleral buckling itself contributes to stabilization
of the neovascular activity.

With an advanced digital camera that obtains pan-
oramic images of the neonatal fundus, fundus fluorescein
angiography (FA) was performed to assess the retinal
vasculature of infants with many peripheral retinal dis-
eases. FA enables easy visualization of the retinal vascula-
ture and aids in early diagnosis and prompt management of
patients with ROP.'S FA findings in ROP have included
arteriovenous shunting at the junction of the vascular and
avascular retina, a neovascular tuft posterior to the ridge,
and a capillary-free zone behind the ridge or capillary-free
zone along both veins and arteries.'” 2! Of those seen on
FA, the most important sign of activity is fluorescein dye
leakage resulting from the neovascularization. We per-
formed preoperative and postoperative FA in eyes with
zone I1 stage 4A ROP with active neovascularization to
assess the efficacy of scleral buckling for neovascular
activity.

METHODS

WE PERFORMED A RETROSPECTIVE REVIEW OF THE CASE
notes of all surgeries for eyes with stage 4 ROP that had
developed along classical stages 1 through 3 without any
sign of aggressive posterior ROP, performed by one surgeon
(N.A.) between October 2007 and November 2008 at the
National Center for Child Health and Development,
Tokyo, Japan. All patients previously had undergone
bilateral peripheral photocoagulation at other clinics.
However, the primary treatment did not stop progression
of the fibrovascular tissue proliferation and RD, and the
patients were referred to us for the next surgery. In the
patients who required surgery, lens-sparing vitrectomy
generally was performed as a first procedure. However,
when fibrovascular tissue developed in the periphery or
extended to the vitreous base, the lens was removed to
resect the vitreous gel around the fibrovascular tissue and
vitreous base. A few eyes underwent scleral buckling for
lens preservation.

0002-9394/09/$36.00
doi:10.1016/j.2j0.2009.05.027



FIGURE [. Fundus photography and fluorescein angiography (FA) images from Case 1 cartied out before and after surgery in both

eyes with stage 4A retinopathy of prematurity. (Top left) Fundus photograph obtained before scleral buckling at postmensteual age

42 weeks in the right eve showing expanded fibrovascular tissue at the temporal junction between the vascular and avascular retina.

(Top right) FA image obtained before scleral buckling showing marked fluorescein leakage from the fibrovascular tissue at the

junction. (Bottom left) Fundus photograph obtained after scleral buckling showiny that the progression of the retinal detachment

(RD) stopped after surgery. (Bottom vighe) FA image obtained after treatment showing markedly decreased fluorescein leakage from

the fibrovascular tissue. The findings in the right eye are clearer than those in the left eye and are representative of the 2 eves,

A scleral buckling procedure wichour simultaneous vit-
reous surgery was performed aca postmenserual age of 41 o
45 weeks by placing a 2.0-mm-diamerer silicone sponge on
cach eye (Mira Ine, Waltham, Massachusetts, USA). The
sponge was secured with a 5-0 Dacron scleral suture
(Alcon Laboratories, Forr Worth, Texas, USA) in each
quadrant, and the ends of the sponge were sutured end to
end with the same suture at the superior nasal region. The
agqueous tap also was performed if necessary, bue drainage
of subretinal fluid was nor.

Fluorescein angiography  examination was performed
before and after scleral buckling using rthe RetCam120
{Massie Research Laboratories Ing, Pleasanton, California,
USA). The pupils were dilaced using 0.5% phenylephrine
and 0.3% rropicamide eye drops instilled 3 cimes at
10-minute intervals 1 hour before the procedure. A neo-
natal lid speculum and Scopisol Solution for Eyes (Senju
Pharmaceutical Co, Lid, Osaka, Japan) were used to
maintain the cornea—camera interface. The RetCam120
ohrained color fundus images and FA images using a blue
excitarion light source and the vellow filters in the system.
FA was performed after administration of an intravenous
Lolus dose of 0.1 mlky 10% sodium fluorescein dye
followed by an isotonic saline flush. Images of the posterior
pole, peripheral retina, and hbrovascular tissue were re-

VO 146, NO. 4

corded at 2-second intervals during all phases of the
angiogram until 5 minutes from the injection of luorescein
dye. Dye leakage from the fibrovascular tissue was evalu-
ated in the preoperative and postoperative images in which
the recording time was approximately the same. To elim-
inate the natural course of cicatrization, eyes that under-
went FA 2 weeks or less after scleral buckling were evaluated
in this study. Five eyes of 3 consecutive infants (2 girls and 1 bay;
gestational age range at birch, 23 to 25 weeks; birch weight range,
574 to 811 @) with stage 4A ROP were included. The patients
were followed up tor 4 to I8 months after surgery. The surgical
outcomes at the latest follow-up examinartions were determined
by binocular ophthalmoscopy and photography.

To evaluate the preoperative and postaperative fluores-
cein leakage objectively, semi-avtomated computer-as-
sisted image analyses were performed using Image] version
141 (Wayne Rasband; National Institutes of Health,
Bethesda, Maryland, USA). The relative area of fluores-
cein leakage was outlined using the frechand wool, and the
relative mean signal intensity of the area was quantified
using Image] densitometry. The outlined area was fixed
between preoperative and postoperative images. The illu-
mination knob was fixed with maximum range throughout

the FA examinations.
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FIGURE 2. Fundus photography and FA images from Case 2 obtained before and after surgery in both eyes with stage 4A

retinopathy of prematurity, {Top lett) Fundus photograph obtained before scleral buckling in the left eye at postmenstrual age 41
weeks showing expanded fibrovascular tissue and that the retinal vessels stopped in zone 1L (Top right) FA image obtained before
scleral buckling was performed showing moderate fluorescein leakage from the nasal fibrovascular tissue. (Bottom left) Fundus

photograph obtained after scleral buckling showing that the progression of the RD stopped after surgery. (Bottom right) FA image
obtained after treatment showing markedly decreased fluorescein leakage from the fibrovascular tissue. The findings in the left eye
are clearer than those in the right eye and are representative of the 2 eyes.

RESULTS

® CASE 1: A 25-week-gestation female infant weighing
ST g was delivered vaginally with Apgar scores of 8 and 9
at 1 and 5 minurtes, respectively. She also had respiratory
distress syndrome requiring mechanical venrilation, parent
ductus arreriosus treated with one course of ibuprofen,
posthemorrhagic hydrocephalus treated with an implant of
an Ommaya reservoir, and sepsis treated with antibiotics.

Bilateral ROP screening at the postmenstrual age of
32 weeks identified immarure development of retinal
vessels that stopped in zone 1. During the next 2 weeks,
the clinical condition deteriorated to stage 3 with plus
disease bilaterally, and argon laser photocoagulation was
applied to the avascular retina. The vascular acrivity
was stabilized transiently, bur it reacrivared. The fibro-
vascular tissue grew circumtferentially, and a regional
rractional retinal detachment (RD) developed in boch
eyes 7 weeks afrer photocoagulation.

The patient was referred to us and scleral buckling was
performed bilaterally at the postmenstrual age of 42 weeks.
The fundus examination before scleral buckling showed
expanded hbrovascular tissue nearly 4 clock hours in size at
the temporal junction between the vascular and avascular
retina, and no apparent skip lesions in photocoagulation

546 AMERICAN JOURNAL
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were seen in either eve (Figure 1). FA performed just
before the intervention showed marked fluorescein leakage
from the fibrovascular tissue. The progression of the RD
stopped after surgery in both eyes. FA performed 7 days
after surgery showed markedly decreased fluorescein leak-
age. Mean signal intensity of the outlined area (72,464
pixels) decreased from 69.7 to 40.6 in right eye after
surgery. The retina was reattached, and the fovea was well
formed at the correct retinal position at the last follow-up
examination.

® CASE 2: A 24-week-gestation male infant weighing
656 g was delivered vaginally with Apgar scores of 5 and 7
at 1 and 5 minutes, respectively. He had respiratory distress
syndrome requiring mechanical ventilation.

Bilateral ROP screening at the postmenstrual age of 30
weeks identified immature development of retinal vessels
that stopped in zone Il and a demarcation line at the
junction of the vascular and avascular retina. During the
next 3 weeks, the clinical situation deteriorated to stage 3
with plus disease bilaterally, and argon laser photocoagu-
lation was applied to the avascular retina over the course
of 4 weeks. The vascular activity stabilized transiently but
later reactivated. The fibrovascular tissue grew circumfer-
entially, and a tractional RD developed gradually after the
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FIGURE 3. Fundus photography and FA images from Case 3 obtained before and after surgery in the left eve with stage 4A
retinopathy of prematurity. (Top left) Fundus photograph obtained before scleral buckling in the left eve at postmenstrual age 45
weeks showing that the retinal vessels stopped in zone 1 and showing expanded fibrovascular tissue at the temporal junction
between the vascular and avascular retina. Skip lesions are present. (Top right) FA image obtained before scleral buckling showing
marked fluorescein leakage from the temporal fibrovascular tissue. (Bottom left) Fundus photograph obtained after scleral buckling
showing that the progression of the RD stopped after surgery. (Bottom right) FA image obtained after treatment showing markedly

decreased fluorescein leakage from the fibrovascular tissue.

last session of photocoagulation ac the postmenstrual age of
37 weeks,

The patient was referred to us and scleral buckling was
pertformed hilaterally at the postmenstrual age of 41 weeks.
The fundus examination hefore scleral buckling showed
expanded fibrovascular rissue 3 clock hours in size ar the
juncrion of the vascular and avascular retina on the
remporal inferior side of the right eye and for nearly 5
clock hours masally in the lett eve (Figure 2). No apparent
skip lesions in photocoagulation were seen in either eye.
FA performed just before the intervention showed fluores-
cein leakage from the fibrovascular tissue. Progression of
the RD stopped in both eyes after surgery, and FA
performed 12 days after surgery showed markedly decreased
fluorescein leakage. Because there seemed to be some mask
effect by blood after scleral buckling in the right eye, the
mean signal intensity of fluorescein leakage was measured
except the area covered with blood. The mean signal
intensity of the outlined area (16,595 pixels) decreased
79.5 to 28.2. The retina reattached, and the fovea was well
formed at the correct retinal position at the last follow-up
examination.

® CASE 3: A 23-week-gestation female infant weighing
574 g was delivered by cesarean section with Apgar scores

Vo, 146, NO. 3

of 5 and 7 at 1 and 5 minutes, respectively. The patient
had respiratory distress syndrome requiring mechanical
ventilation, patent ductus arteriosus treated with three
courses of ibuprofen, subsequent surgical closure, and
chronic lung disease without home oxygen therapy.

Bilateral ROP screening at the postmenstrual age of 28
weeks identified immature development of the retinal
vessels that stopped in zone II. During the next 10 weeks,
the clinical condition deteriorated to stage 3 with plus
disease bilaterally, and argon laser photocoagulation was
applied during a number of sessions to the avascular retina.
The vascular activity stabilized transiently but later reac-
tivated. The fibrovascular tissue grew circumferentially in
both eyes after the last photocoagulation session at the
postmenstrual age of 40 weeks. A tractional and serous RD
developed in the right eye, and a regional tractional RD
developed in the left eye.

Because of the rapid progression of bilateral RD, the
patient was referred to us, and scleral buckling to both eyes
was performed immediately at the postmenstrual age of 45
weeks. Although some skip lesions were present bilaterally,
additional laser photocoagulation was not performed be-
cause of the risk of retinal tear after operation. The fundus
examination before scleral buckling showed expanded
fibrovascular tissue nearly 5 clock hours in size at the
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TABLE. Characteristics of Eyes Undergoing Fluorescein Angiography before and after Scleral Buckling for Stage 4A Retinopathy
of Prematurity

Extent of PMA of PMA at Preoperative PMA Postoperative Foveal
GA FT (clock  Ablation SB Dye Leakage at FA Dye Leakage Follow-up Retinal Formation
Patient Gender (wks) BW(g) Eye Zone Stage hours) {wks} (wks) from FT {wks) from FT (mos) Attachment (final) SCF
1 F 25 811 Right |l 4A 4 34 42 Severe 43 Decrease® 7 Y Y Y
Left I 4A 4 34 42  Severe 43  None 7 Y Y Y
2 M 24 656 Right I 4A 5 33to38 41 Moderate 44 Decrease” 17 Y Y Y
Left It 4A 5 33t038 41 Moderate 44 Decrease® 17 Y Y Y
3 F 23 574 Right I 4A 5 38to40 45  Severe 47 Decrease 2 Y Y Y

BW = birth weight; F = female; FA = fluorescein angiography; FT = fibrovascular tissue; GA = gestational age; M = male; mos = months;
PMA = postmenstrual age; POD = postoperative day; SB = scleral buckling; SCF = steady central fixation; wks = weeks; Y = yes.
3More than 40% decrease of mean signal intensity of dye leakage.

junction of the viscular and avasculir rerina l’cm[mm]i\j in
both eyes {Figure 3). A serous RD in the right eye was
diagnosed based on the presence of exudates in the
posterior pole and a bullous RD involving the macula with
no retinal tear. FA performed just before the intervention
detected marked fluorescein leakage from the fibrovascular
tissue temporally in both eyes and diffuse fluorescein
leakage from the retinal vessels in the right eye. Although
serous RD in the right eye was exacerbated after scleral
buckling, the progression of the tractional RD in the left
eye stopped after surgery. FA performed 8 days after surgery
showed marked cessation of fluorescein leakage in the left
eye. Mean signal intensity of the outlined area (51,194
pixels) decreased from 84.3 to 49.7 in the left eye after
surgery. Retinal reattachment was achieved and the fovea
was well formed at the correct retinal position in left eye at
the last follow-up examination. Results are summarized in

the Table.

DISCUSSION

SCLERAL BUCKLING ORIGINALLY WAS THOUGHT TO AD-
dress RDs by offsetting the vitreoretinal traction as the
buckle indented the globe. The procedure allows the
retinal pigment epithelium (RPE) to absorb the subretinal
fluid and to support the fixed surface area of the developing
retina while the eyeball grows rapidly in infants. Scleral
buckling also may prevent death of the immature retinal
cells by maintaining contact between the retina and the
RPE.*®!1*1617 One study reported that scleral buckling
contributes to a notable change in neovascularization,
which was identified by funduscopy.” In the current series,
we found that leakage from the fibrovascular tissue mark-
edly decreased only 7 to 12 days after scleral buckling. This
course obviously was different from the natural course of
fibrovascular tissue regression, which usually requires 1
month or more, suggesting that scleral buckling itself
stabilizes the neovascular activity.
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Neovascularization of ROP is induced by several growth
factors,”*™*” of which vascular endothelial growth factor
(VEGF) is the most important in the development of
pathologic neovascularization, which is released from the
vascular endothelial cells in hypoxia. A recent in vitro
study reported that retinal vascular endothelial cells and
the RPE, when stretched, release VEGF.?¢-28 Integrin is
the major receptor that connects vascular endothelial cells
and the extracellular matrix and plays a key role in
development of pathologic neovascularization.””*! Inhi-
bition of integrin reduced VEGF in a murine model of
ROP.* Because integrin is the mechanotransduction re-
ceptor that transforms mechanical stress into chemical
signaling,’” surgically offsetting the mechanical stress on
the retinal vascular endothelial cells may reduce the
release VEGF by inhibiting the integrin-mediated mech-
anotransduction. Vitrectomy may wash out VEGF directly
from the vitreous cavity and may remove the vitreous gels
that may contain the source of VEGF.* In contrast, scleral
buckling does not have such effects. Thus, relieving the
mechanical stress may decrease VEGF expression in the
vascular endothelial cells, which may have contributed to
decreased neovascular activity in our series.

Vascular endothelial growth factor expression is regu-
lated primarily by hypoxia.*® Hypoxia in the retinal outer
layers caused by RD increases VEGF expression in the
subretinal fluid.*® In the eyes with stage 4 ROP, elevated
VEGF levels also are detected in the subretinal fluid.*”
Retinal reattachment around the scleral buckling region
may improve the oxygen supply from the choroid to the
retina, contributing to the reduction of VEGF and pre-
venting exacerbation of the neovascular activity.

In ROP and other proliferative retinopathies, the active
stage characterized by neovascular formation is followed by
the cicatricial stage with formation of contractile connective
tissue.”® A recent report demonstrated that the connective
tissue growth factor, which is established as a profibrotic
factor in retina, ”* in a critical balance with VEGF, drives
the angiofibrotic switch and subsequent fibrosis in eyes with
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' Compared with the

natural course, pathologic neovascular inactivation in our
series was achieved rapidly with subsequent cicatricial phase,
which is not explained only by a decrease in the release of

proliterative diabetic retinopathies.

growth factors and suggests that scleral buckling also may act
as the modulator of angiofibrotic switch.

Good surgical results have been reported after scleral
buckling'™; however, it also has some disadvantages,
including high myopia resulting from changes in the
corneal or lens refractive power or the need for another
surgery to divide or remove the buckle to reduce the
intrusion and promote ocular growth.”®** Recently, lens-
sparing vitrectomy has become the surgery of choice for

stage 4 ROP, although application is limited to eyes with
posterior proliferation. Thus, scleral buckling that allows
lens preservation still may be chosen to treat eyes with
peripheral proliferation in stage 4 ROP. Although the
purpose of the surgery has been primarily to reduce
traction,” 107 the current small series showed that
scleral buckling also can reduce the neovascular activity of
peripheral proliferation in progressive stage 4A ROP.
Thus, scleral buckling may be considered a treatment
option to reduce the neovascular activity in eyes with
peripheral proliferation where lens-sparing vitrectomy is
difficult to perform, although further prospective studies
are needed.
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Vascular Abnormalities in Aggressive
Posterior Retinopathy of Prematurity
Detected by Fluorescein Angiography

Teadashi Yokoi, MD ! Mima Hivaoka, MDD ! Mariko Miyamoto, MD, PhID,” Tae Yokoi, MD,'
Yurt Kobavasht, MDD Sachiko Nishina, M1, PhID .S Noviviki Azuma, MD, PhD!

Purpoese: To evaluate fluorescein angiography (FA) in eyes with aggressive posterior retinopathy of prema-
turity (AP-ROP).
Design: Retrospective, nonrandomized case series.

Participants: Three patients (6 eyes) with AP-ROP.

Methods: Three patients (6 eyes) diagnosed with AP-ROP during ROP screening between July 2007 and
July 2008 were included in this study. Fundus photographs and FA were obtained before and after laser and
surgical treatment using a wide-field digital pediatric imaging system.

Main Outcome Measures: Fluorescein angiography and fundus photographs.

Results: At the initial stage of AP-ROP, FA showed vascular abnormalities, including capillary nonperfusion
throughout the vascularized retina, shunting in the vascularized retina, a circumferential demarcation line, and
limited vessel development, which was difficult to identify only by ophthalmoscopy. After treatment, FA showed
poorly developed retinal vessels, including 4 small major vessels without an arcade pattern, small macular

vessels, an inhomogeneous capillary bed, and absence of a capillary-free zone in the fovea.

Conclusions:
and may exacerbate retinopathy.
Financial Disclosure(s):

Capillary bed loss throughout the vascularized posterior retina is characteristic of AP-ROP

The authors have no proprietary or commercial interest in any of the materials

discussed in this article. Ophthalmology 2009;116:1377-1382 © 2009 by the American Academy of Ophthal-

mology.

Aggressive posterior retinopathy ol prematurity (AP-ROP)
is a severe, atypical form of ROP characterized by posterior
retinal location, rapidly progressive vascular changes. flat
neovascularization, hemorrhages, and intraretinal shunung
without ridge tissue. Olten, AP-ROP results in retinal de-
tachment despite adequate laser ablation without progress-
ing through classic stages 1 to 5.1 Although early recog-
nition and early treatment seem crucial for improving the
unfavorable outcome, the initial signs of AP-ROP, includ-
ing a subtle demarcation line or extraretinal neovasculariza-
tion before dilatation and tortuosity of the retinal vessels
occur, and vascular loops and frizzy vessels that lie at the
periphery of vascularized retina and resembles frizzy hair,
especially in the superior nasal quadrant, are difficult to
recognize ophthalmoscopically.”

Previous reports on fluorescein angiography (FA) in
classical ROP showed leakage from the fibrovascular tissue,
artertovenous shunting at the junction of the vascularized
and unvascularized retina, a neovascular tuft posterior to the
ridge, a capillary-free zone behind the ridge, or a capillary-
free zone along both veins and arteries.’~'2 However, little
has been learned about the FA findings of AP-ROP. We
investigated the characteristics of vascular abnormalities in
eyes with AP-ROP at the initial stage and after a series of
treatments.

© 2009 by the American Academy of Ophthalmology
Published by Elsevier Inc.

Patients and Methods

Three infants (6 eyes) with AP-ROP examined at our institute
between July 2007 and July 2008 were included. The patient charts
and medical records were reviewed retrospectively. All infants
underwent an initial ROP screening at a postmenstrual age of 29 to
31 weeks. Fundus photographs were taken using RetCam (Massie
Research Laboratories, Inc., Pleasanton, CA) when the initial signs
of ROP were detected by ophthalmoscopy. We also performed FA by
RetCam with a blue excitation light source and a yellow-green,
barrier-filtered camera after administration of an intravenous bolus
dose of 0.1 ml/kg fluorescein followed by a 3.0-ml isotonic saline
flush. Fundus photographs and FA were evaluated after laser appli-
cation or surgery. This study was approved by the ethics committee of
the National Center for Child Health and Development.

Results
Case 1

A male infant (age, 22 weeks gestation) weighing 400 g was
delivered vaginally with Apgar scores of 5 and 6 at 1 and 5
minutes, respectively. This patient had respiratory distress syn-
drome requiring mechanical ventilation and 1 dose of surfactant, a
patent ductus arteriosus treated with 8 courses of ibuprofen and
subsequent surgical closure, and chronic lung disease without
home oxygen therapy.
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Figure 1. Fundus phorographs and flaorescein angiography (FA) of agaressive posterior retinopathy of prematariey in the fetr eye of parienr 1. A, A fundus

rhotograph obtined ac the inival stage shows the posterior retinal vessels, anasal demarcation Tine, snd a hemorrhage at the juncuon between the

viscubarized and vvisenluozed retinag, By A the inttial stage, FA shows vessels with 4-fobed topograpliy, capitlary nonpedusion around the viscularized

retina, vessel proliferation at the juncrion, and circumterendal shunting. C, A tundus phorograph obtamed atter laser trearment shows stabifized vascalar

profiteration with foveal tormation. 1, Atter erecatment, FA shows abnormal vessels, such as an inhomogencous capillary bed, small major vessels without

aeade patiern, and msadhcient macubir vessels. Becanse the vitreons cavity was ailled with thiorescein alter adhministration, the hndings i the left eye,

which were clearer than rhose in the right eye, are representarive of the 7 eves.

Bilateral ROP screening at o postmenstrual age of 30 weeks
identified immatre development of the retinal vessels that stopped in
zone La pasal demarcation line, vessel tortwosity around the vessel
end. a hemorrhage at the junction. and slight shunting in the vascu-
tarized retina (Fig TA). On FA, there was extension of the major
vessels in 4 directions with 4-lobed topography (i.e., vessels de-
velop more temporally than nasally) and capillary nonperfusion
and shunting throughout the vascularized retina including the
posterior pole, even though a relatively strong choroidal flush,
probably owing to immature pigmentation of the retinal pigment
epithelium, complicated the identification of capillary nonperfu-
sion. At the junction of the vascularized and unvascularized retina,
the branches of the retinal vessels had a brush-like appearance,
with capillary nonperfusion and arteriovenous shunting that re-
sulted in a circumferentially continuous demarcation line. Leakage
from the neovascular tissue in the junction also was confirmed. In
the posterior pole, a cilioretinal artery abnormally passed through
the incipient fovea, and few macular vessels or branch vessels,
including arterioles and venules from the major vessels, were
observed (Fig 1B). The disease activity decreased successfully as
the result of laser treatment with foveal formation (Fig 1C), and
FA after laser treatment showed stabilized neovascularization, 4
small major vessels especially in the nasal vessels, decreased
branch vessels, loss of the arcade pattern, an inhomogeneous
capillary bed around the retina, insufficient macular vessels, ab-
sence of a capillary-free zone in the fovea, and disappearance of
the preexisting vessels that had passed through the fovea (Fig 1D).
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Case 2

A female infant (age, 23 weeks gestation) weighing 480 g was
delivered vaginally with Apgar scores of 4 and 5 at 1 and 5
minutes, respectively. The patient had respiratory distress syn-
drome that required mechanical ventilation and 1 dose of surfac-
tant, a patent ductus arteriosus treated with 3 courses of ibuprofen,
and chronic lung disease without home oxygen therapy.

Bilateral ROP screening at a postmenstrual age of 30 weeks
identified immature development of retinal vessels that stopped in
zone 1, a few tortuous and dilated vessels, a hemorrhage at the
junction of the vascularized and unvascularized retina, and a
circumferential vessel at the junction (Fig 2A). On the same day,
FA detected vessels extending more in the temporal than nasal
quadrant, circumferential vessels, and shunting in the junction
resulting in formation of a demarcation line, leakage from the
neovascular tissue on the demarcation line, and capillary nonper-
fusion and shunting throughout the vascularized retina including
the posterior pole. Macular vessels and branch vessels including
arterioles and venules from major vessels were as hypoplastic as in
case 1 (Fig 2B). Despite early laser treatment that was applied
densely, fibrovascular proliferation and a regional retinal detach-
ment (stage 4A) occurred in the coagulation scars at 40 weeks.
Early vitrectomy with lensectomy was performed at 41 weeks, and
the retina was reattached with foveal formation (Fig 2C). After
surgery, FA identified an inhomogeneous capillary bed throughout
the retina, 4 small and irregular major vessels, decreased branch
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Figure 2. Fundus phorographs and thioreseein angiography (FAY of aggressive posrerior retinopachy of premaruriey in the right eye of patient 2. A, A

fundus photograph obtamed at the initial stage shows posterior vessels, hemorrhage, and crcumiterential vessel in the inferotemporal junction. B, At the

witid staze, FA shows limited vessel extension with circumierential vessels, shunting i the junction, subtle leakage from the neovaseulan tissue in the

demarcation line, capillary nonperfusion around the vascularized retina, and hypoplastic macular vessels. C, Fundus photograph obrained atter laser and

surgery shows stabilized vascular prohiferation with foveal formadion and o localized tracuonal retinal detachment thac developed w the laser sears. D, After

faser and sureery, FA shows a inhomageneous capitlary bed thronghou the retma, ting and iregnlaely shuped nugor vessels, loss of the arcade pattern,

insufficient macular vessels, and absence of a capillary-free zone in the tovea.

vessels, toss of the arcade pattern. insufficient macular vessels, and
absence of a capillary-free zone in the fovea (Fig 2D).

Case 3

A female infant (age, 27 weeks gestation) weighing 920 g was
delivered by Cesarean section with Apgar scores of 1 and 4 at 1
and 5 minutes, respectively. The patient had respiratory distress
syndrome requiring mechanical ventilation and 1 dose of surfac-
tant, a patent ductus arteriosus treated with 2 courses of ibuprofen,
and sepsis treated with antibiotics.

Bilateral ROP screening at a postmenstrual age of 34 weeks
identified immature development of retinal vessels that stopped in
zone I, a continual demarcation line, budding from the junction of
the vascularized and unvascularized retina, flat neovascularization
around the nasal junction, and a hemorrhage at the junction (Fig
3A). On the same day, FA showed vessels extended more in the
temporal than nasal quadrant; obvious vessel tortuosity, capillary
nonperfusion, and shunting in the entire vascularized retina; few
macular vessels and branch vessels including arterioles and
venules from the major vessels; and leakage from the flat nasal
neovascular tissue and the neovascular tuft behind the junction
(Fig 3B). Although the disease activity was stabilized successfully
by laser treatment with foveal formation (Fig 3C), FA after a series
of laser applications still showed insufficient vasculature, includ-
ing an inhomogeneous capillary bed in the retina, 4 small major
vessels, a decrease in branch vessels, loss of an arcade pattern, and
few macular vessels or absence of a capillary-free zone in the

fovea; however, there was much better vessel formation than in the
other cases (Fig 3D).

Discussion

The major FA findings in the current case series of early-
stage AP-ROP are: (1) vessels extending more temporally
than nasally that sometimes show 4-lobed topography, (2) a
continuous demarcation line composed of shunting and
circumferential vessels along the junction of the vascular-
ized and unvascularized retina, (3) shunting in the vascu-
larized retina, (4) tortuous vessels without dilatation clearly
detected on FA, (5) leakage from neovascular tissue, (6) few
macular vessels and few branch vessels from the major
vessels including arterioles and venules, and (7) inhomoge-
neous capillary bed loss throughout the entire vascularized
retina, including the posterior pole. Interestingly, in the
current case series of AP-ROP, capillary nonperfusion or
arteriovenous shunting was present throughout the vascu-
larized retina, which is in contrast to the capillary nonper-
fusion present only along the junction of the vascularized
and unvascularized retina in classic ROP. Even after the
ROP stabilized after a series of laser or surgical treatments,
vascular abnormalities remained, including an inhomoge-
neous capillary bed throughout the vascularized retina, loss
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Figure 3. Fundus phorographs and fluorescein angtography (FAY of aguressive posterior retinopathy of premacurity in the right eye of parient 3. AU A

tunddus photosraph abtained ac the witial stage ~hows retinat vessels scopped i zone 1, o continual demarcacon hine, budding tram the junction, tac

peevasculariziion o the nsal jonetion, and a hemorthase ac the junction. Be A die indtial stage, FA shows vessel tortuosity and capithary nonpertusion

sround dhe vascularized vetinn, shunting in che vascularized redina, few vessels branching roward the foven, and leakage from the tlar »

al neovascular

vissue and neovascalin rafc behmd the junction. Co A fundus photograph obtained after o series of faser treatments shows stabilized vascadar proliteration

with doveal tornwnion. D Alter treanment;, FA shows - inhomogeneous capitiary bed throughowt the vascularized teting, loss o the arcade pattern,

insuificient nacular vessels, aud defcieney of the capillary-free zone in the fovea.

ol the arcade pattern. 4 small major vessels, decreased
branch vessels, hypoplastic macular vessels, and insutfi-
cieney ol the capilfary-lree zone in the lovea.

Recently, a retinal whole-mount preparation method has
shown primary retinal vasculature in humans.'® Retinal
vasculature begins to develop from the optic nerve to form
the inner vascular plexuses at about 14 weeks gestation as
hyaloid vessels regress.'™'* At 25 weeks’ gestation, the
inner plexus spreads toward the peripheral retina in a lop-
sided fashion showing the 4-lobed topography pattern.'*~!3
Between 25 and 26 weeks’ gestation, the outer vascular
plexus begins to sprout from the inner plexus and elongates
downward into the outer retina, where a second vascular
network is established parallel to the first network.!!1¢
By 32 weeks’ gestation, the inner plexus reaches the pe-
ripheral retina, whereas the outer plexus does so after
birth.!* Because most infants with AP-ROP are born pre-
maturely (gestational age <25 weeks),*>!” the retinal vas-
culature has formed the inner plexus posterior to the middle
retina, whereas the outer plexus has just started to develop.
In our patients who were born at approximately 25 weeks’
gestation, the inner vascular plexus may have been estab-
lished at birth; however, FA showed a noncapillary area of
arteriovenous shunting throughout the vascularized retina,
probably because of loss of the preexisting inner vascular
plexus rather than malformation of the plexus.
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Most immature babies have a dramatic change in Pao,
from 20 to 25 mmHg in utero'® to about 60 to 100 mmHg
after delivery.'” High-level, long-term oxygen administra-
tion disturbs the development of the primary retinal vascu-
lature. Hyperoxia suppresses production of vascular endo-
thelial growth factor from the primary retinal cells and leads
to subsequent vascular endothelial cell apoptosis**~* and
decreased vascular density. In addition, the more immature
the vessels, the greater the oxygen toxicity to the ves-
sels.?>2¢ Because patients with AP-ROP have immature
vessels and often receive long-term, high oxygen therapy,
the retinal capillary bed may be lost. Moreover, in a murine
model of ROP, vaso-obliteration has been detected mainly
in the posterior retina, possibly because the retina around
the optic disc and arteries, through which oxygen-rich ves-
sels initially pass, experiences hyperoxia-mediated vascular
endothelial growth factor mRNA downregulation and sub-
sequent vascular endothelial cell apoptosis, resulting in a
surrounding capillary-free zone.** Because most patients
with AP-ROP have vessel development posteriorly, the
same mechanism may contribute to the severe capillary bed
loss around the retina. Meanwhile, because not all patients
with AP-ROP have vasculature localized in zone I and not
all extremely premature infants develop AP-ROP, other
factors, including insulin-like growth factor 1,27 erythropoi-
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etin®® vasculogenesis,'® and genetic factors,?” may be as-

sociated with the disease.

Laser has been applied only to avascular retinas with
classical ROP,* whereas eyes with AP-ROP often develop
retinal detachment despite early, dense laser treatment to the
avascular retina.>* In extremely low-birth-weight infants
with ROP, Schulenburg and Tsanaktsidis*® advocated laser
application to the vascularized retina, demonstrating the
areas of capillary nonperfusion posterior to the demarcation
line. Because capillary beds were widely absent in the
vascularized retina including the posterior pole, laser appli-
cation even to the vascular retina may be needed to prevent
progression of AP-ROP. Early vitreous surgery with lensec-
tomy successfully stabilized AP-ROP; the vascularized ret-
ina was treated preoperatively with sufficient laser ablation
3 to 4 spots posterior to the junction of the vascularized and
unvascularized retina.!’

Interestingly, FA showed that the affected retinal vascu-
lature, including abnormal formation of the major arteries
and veins, decreased arterioles and venules, an inhomoge-
neous capillary bed throughout the retina, hypoplastic mac-
ular vessels, and loss of the avascular zone in the fovea and
macular vessels are still affected, even after a series of
treatments, although this was not well detected on ophthal-
moscopy. Thus, once the developing vasculature is dam-
aged, it may never recover. Joshi et al*' examined 14 eyes
with stage 4A ROP preoperatively and detected anatomic
macular abnormalities, such as absence of a foveal avascu-
lar zone and foveal depression. Although the visual prog-
nosis in AP-ROP improved with early vitreous surgery,'’
because the disease severity is much worse than classic
ROP and the development of vasculature was affected in the
current study, long-term follow-up of the visual acuity and
further investigation of the retinal function are necessary.
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Effect of Early Vitreous Surgery for
Aggressive Posterior Retinopathy of
Prematurity Detected by Fundus

Fluorescein Angiography
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Objective:
(APROP) using fundus fluorescein angiography.
Design:

Retrospective, observational case series.

To assess the effect of early vitrectomy for aggressive posterior retinopathy of prematurity

Participants: Eleven eyes of 7 patients with APROP that underwent early vitreous surgery.

Methods: All eyes underwent vitrectomy with lensectomy that removed the vitreous gel around the fibro-
vascular proliferative tissue, but not the proliferative tissue when fibrovascular proliferation and retinal detach-
ment occurred despite retinal photocoagulation. Fundus fluorescein angiography was performed before and after
the early vitreous surgery.

Main Outcome Measures: Dye leakage from the fibrovascular tissue, dilation and tortuosity of the retinal
vasculature, and shunt vessels were evaluated by fundus fluorescein angiography. The status of the retinal
reattachment was assessed postoperatively.

Results: Nine eyes had severe dye leakage from the fibrovascular tissue and 2 eyes had moderate leakage
seen by preoperative fluorescein angiography. Severe dilation and tortuosity of the retinal vessels were detected
in 10 eyes and shunt vessels in 7 eyes. Six to 12 days after successful surgery, the retina reattached and dilation
and tortuosity of the retinal vessels decreased substantially. Dye leakage diminished markedly in all eyes,
resolved completely in 7 eyes, and was still apparent slightly in 4. At the final examination, fibrovascular
proliferation and retinal detachment did not progress in any eyes; however, 2 eyes had a dragged or folded retina.

Follow-up ranged from 6 to 19 months (mean, 9.2).
Conclusions:

tarly vitrectomy that removes vitreous gel from around the proliferative tissue promptly

reduces vascular activity and may limit progression of retinal detachment in APROP.
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The revised Tnternational Classification of Retinopathy of

Prematurity (ROP)' described aggressive posterior retinop-
athy of prematurity (APROP) and recognized it as an un-
usual form of ROP that rapidly progresses to a closed funnel
of tractional retinal detachment within 1 or 2 weeks despite
application of early, dense photocoagulation. The features
and pathogenesis of this severe form of ROP have been
investigated as type Il ROP since 1974 in Japan.?* Identi-
fication of the initial signs of APROP and immediate
application of dense, extensive laser photocoagulation to
the nonvascularized retina and adjacent vascularized ret-
ina including the area of the shunting vessels are essential
for treating APROP.?™ Laser ablation performed early,
densely, and repeatedly may transiently stabilize APROP;
however, fibrovascular proliferation sometimes recurs in the
area of the photocoagulation scars, and the tractional retinal
detachment rapidly progresses.*~® Recently, we have re-
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ported that early vitrectomy with lensectomy for APROP
and early photocoagulation prevented progression of retinal
detachment.® Early vitreous surgery for APROP also was
evaluated in another report.® The aim of the surgery was not
to remove the fibrovascular proliferative tissue, but to re-
move the surrounding vitreous gel along which the fibro-
vascular tissue grows. However, the mechanism by which
the surgery stabilizes the retinopathy has not been clarified
fully.

Fundus fluorescein angiography for ROP, first performed
by Flynn et al,’ is now available with a digital fundus camera,
the RetCam 120 (Massie Research Laboratories, Inc., Pleas-
anton, CA), that can view a wide angle of the fundus including
the periphery. With this camera, bedside fluorescein an-
giography can be performed easily to detect vascular areas
of nonperfusion and early neovascularization of active
retinopathy %

ISSN 0161-6420/09/$-see front matter
doi:10.1016/j.ophtha.2009.05.011



Nishina et al + Early Vitrectomy for APROP

We conducted the curvent study to evaluate the preoper-
ative status and the elficacy of carly vitreous surgery for
APROP using fundus fluoreseein angiography with the Ret-
cam 1201

Patients and Methods

This study was approved by the tnstitutional ethics commitiee; the
parents of the patients provided informed consent before the in-
{fants were enrolled. Eleven eyes ol 7 patients with APROP were
studied. AR eyes had andergone previous fuser ablation at other
clinics when the initial signs of APROP'™ were identified, and
laser was applied repeatedly and densely to the nonvascularized
and adjacent vascularized retina. However, when laser treatment
could not stop the progression of fibrovascular proliferation and
tractional retinal detachment, the patients were referred immedi-
ately to our clinic at the National Center for Child Health and
Development, Tokyo, Japan.

All eyes underwent early vitrectomy with lensectomy as a
second treatment performed by 1 surgeon (NA) in our clinic
between December 2006 and March 2008. Three-port vitrectomy
was performed using the Accurus 25-Gauge Surgical System (Al-
con, Fort Worth, TX) and a small contact lens was designed for
premature eyes. The details of the surgery have been described
previously® and are shown in online Video Clips 1 through 3
(available at ht(p://aaojournal.org). We did not remove the fibro-
vascular tissue to avoid intraoperative bleeding, but we did remove
the surrounding vitreous gel. Fluid-air exchange and endophoto-
coagulation were unnecessary, because no iatrogenic breaks oc-
curred during the surgery.

Fundus fluorescein angiography was performed within 2 days
before the surgery and 6 to 12 days after the surgery. The pupils
were dilated using 0.5% phenylephrine and 0.5% tropicamide
eye drops instilled 3 times at 10-minute intervals 1 hour before
the examination. A neonatal lid speculum and hydroxyethyl
cellulose (Scopisol 15; Senju Pharmaceutical Co., Ltd., Osaka,
Japan) were used to maintain the cornea—camera interface. The
Retcam 120 was used to obtain color fundus photographs and
perform fluorescein angiography using a blue excitation light
source and the yellow filters in the system. The vital signs were
monitored by a neonatologist during the procedure. Fundus fluo-
rescein angiography was performed after administration of an
intravenous dose of 0.1 ml/kg of 10% sodium fluorescein dye
followed by a saline flush to obtain a bolus dose. Images of the
posterior pole, peripheral retina, and fibrovascular tissue were
recorded at 2-second intervals during all phases of the angiogram
until 5 minutes. Dye leakage from the fibrovascular tissue, dilation
and tortuosity of the vasculature, and shunt vessels were evaluated.

The patients were followed for 6 to 19 months (mean, 9.2)
postoperatively. Aphakic eyes were corrected with spectacles or
contact lenses designed for premature babies about 2 weeks after
surgery. The final anatomic outcomes were determined by binoc-
ular ophthalmoscopy and photography.

Results

The characteristics of eyes that underwent early vitreous surgery
for APROP and the results of fundus fluorescein angiography
before and after surgery are shown in Table |. The patients
included 1 boy and 6 girls. The gestational ages at birth ranged
from 23 to 28 weeks (mean, 25), and the birth weights ranged from
389 to 1194 g (mean, 734). The ROP extended to all 4 quadrants
and underwent laser ablation within zone I in 9 eyes and to

posterior zone II in 2 eyes. The extent of the fibrovascular tissue
ranged from 6 to 10 clock hours and all eyes had a tractional retinal
detachment; the fovea was not involved (stage 4A) in 10 eyes and
was involved (stage 4B) in 1 eye. The tip of the fibrovascular tissue
was not attached to the vitreous base in any eyes. The postmen-
strual ages at the time of vitreous surgery ranged from 35 to 41
weeks (mean, 38). Intraoperative complications did not develop in
any eyes.

Preoperative fundus fluorescein angiography showed severe
dye leakage (the extent of dye leakage was 100%) from the
fibrovascular tissue in 9 eyes and moderate leakage (the extent of
leakage was >70%) in 2 eyes. Severe dilation and tortuosity of the
vasculature at the posterior pole were seen clearly in 10 eyes and
the shunt vessels remained in 7 eyes. Six to 12 days after success-
ful operations, the dye leakage decreased markedly in all eyes, that
is, it resolved in 7 eyes (Figs | and 2) and was still apparent in 4
eyes (Fig 3). The extent of the fibrovascular lissue with residual
dye leakage in the 4 eyes was <50% of the preoperative findings.
The dilation and tortuosity of vasculature also decreased in all eyes
(Figs | to 3). Fluorescein did not cause any adverse effects.

At the final examination, there was no progression of fibrovas-
cular proliferation or retinal detachment in any eyes. Two eyes had
a dragged or folded retina (Fig 3).

Discussion

We perform vitrectomy with lensectomy in eyes with APROP
as early as possible when fibrovascular tissue extends from the
posterior retina to the posterior lens surface and causes a
regional retinal detachment (stage 4A) despite sufficient laser
ablation. Retinopathy of prematurity rapidly progresses to
stage 5 within | to 2 weeks, when the growing fibrovascular
tissue attaches to the posterior lens surface or the retina and
ciliary body beneath the vitreous base. Thus, a wide-field
vitrectomy with lensectomy to remove the vitreous gel
between the fibrous tissue and vilreous base is needed to
prevent progression of APROP. If the tip of the fibrovas-
cular tissue has attached to the vitreous base, the tractional
retinal detachment rapidly progresses to involve the fovea.
In this case, cutting the fibrovascular tissue and removing
the firm adhesion to the vitreous base are difficult without
iatrogenic retinal breaks, resulting in retinal folds or a
dragged retina as a result of the strong contraction of the
residual fibrovascular tissue and no foveal formation.”

In the current series, all but 1 eye had stage 4A disease
in which the fibrovascular tissue increased to 6 to 10 clock
hours without attachment to the vitreous base. The eye with
stage 4B also had 6 clock hours of fibrovascular tissue
without attachment to the vitreous base. We successfully
treated these eyes with vitrectomy and lensectomy to obtain
retinal reattachment. Preoperative fundus fluorescein an-
giography showed extreme vascular activity based on ex-
tensive dye leakage from the fibrovascular tissue, dilation
and tortuosity of the retinal vasculature at the posterior pole,
and atypical shunt vessels. However, only 6 to 12 days after
surgery, fluorescein angiography showed markedly de-
creased vascular activity and stabilized APROP. The dila-
tion and tortuosity of the retinal vessels decreased, and the
dye leakage from the fibrovascular tissue decreased substan-
tially. These findings strongly support the effectiveness of
early vitrectomy, not only for preventing fibrovascular pro-
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Table . Characreristies of Eyes Undergome Fundus Fluorescein Angiography

Gestational Age at Body Weight at Extent of FT

Patient Gender Birth (wks) Birth (¢) Eye Zone Stage {clock hours)
i Fernale . 26 D06 Righir | 4A [
Left | 4A N
2 Male 23 396 Righr I 4A 6
Left { A 6
3 Female 24 647 Lett | 4B o
4 Fenale 28 1194 Letr [ 4A f
5 Fetale EN 733 [ett I 4A 7
6 Female 23 ISy Righe I 4A 7
Lett | 4A 7
7 Fenale 24 67¢ Rigin i 4A 7
Left 1 4A e

DR = drageing or folds of the revnals FT = ahroviscular tissuey PMA = postinenstrual age.
#Revere = extent of dve leakage was 1004 of the FT3 moderate = the extent of dye leakage was >70% of the FT.

‘Decrease = the extent of dye leakage decreased by <250% of the preoperative indings.

liferation but also for rapidly reducing the vascular activity extent of the remaining leakage was <50% in all eyes
in APROP. Conscquently, carly vitrectomy may limit the without recurrence.

progression ol tractional retinal detachment. The extent of These results raise some possibifities about the mecha-
the residual dye leakage from the fibrovascular tissue may nism of the rapid reduction of vascular activity in APROP
indicate possible regrowth of fibrovascular tissue and recur- alter vitrectomy. The first factor is that operative removal
rence of a tractional retinal detachruent. Tn this series. the ol the vitreous framework might reduce the vactional

Figure t. The neh eye of patient 6 {gestational age 23 weekss hirth weight, 389 )0 A, Preoperatively, ibrovasenlar tissue grows in the photocoagulation
sears with o hemorrhage Fetween the 5 and 12 o'clock positions and a revional rractional retinal derachment has developed (stage 4A). B, Scvere dye
feakuge tronn the ibrovascutar tissae and dilation and tortuesity of the vasculature at the posterior pole are detected (ar approsimately 2 minutes and 30

seconds). C, Six days postoperatively, the retina has renttached without retinal dragging ander residual abrous tissue. D, The dye leakage has almost

resolved and less dilation and tortuosity of the vasculature are seen (ar approxinrely 4 nnutes ro show the wost prominent leakage).
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Early Virrecromy for APROP

(FA) before and after Surgery for Aggressive Posterior Retinopathy of Prematurity

PMA at Preoperative Dye Dilation and Postoperative Reduced Dilation and Retinal
Vitrectomy Leakage from Tortuosity of Postoperative Dye Leakage Tortuosity of Retinal Attachment
(wks) FT* Retinal Vasculature Day of FA from FT' Vasculature (Final)

36 Severe Severe 12 None Yes Yes
36 Severe Severe 12 None Yes Yes
41 Severe Severe 6 None Yes Yes
41 Severe Severe 6 None Yes Yes
37 Severe Severe 11 Decrease Yes Yes, DR
39 Moderate Moderate 11 None Yes Yes, DR
35 Severe Severe 7 None Yes Yes
38 Severe Severe 6 None Yes Yes
38 Moderate Severe 6 Decrease Yes Yes
38 Severe Severe 7 Decrease Yes Yes
38 Severe Severe 7 Decrease Yes Yes

force of the fibrovascular tissue and suppress the growth

ol new vessels, Even afer seleral buckling, the activity ol

the fibrovascular tissue seems (o be attenuated.'? De-
creased vitreous traction may allow the retinal pigment
epithelium pump to absorb subretinal fluid, achieve ret-
inal reattachment, and eliminate the stimulus for neovas-
cularization.'®'! In vitro and animal studies have shown
that traction and stretching of the vascular wall induces

changes in the retinal vasculature and may accelerate
neovascularization with related integrins and other fac-
tors.'>"!'* However, scleral buckling has no effect on
APROP, which is characterized by extensive, rapidly
progressive retinopathy and is similar to florid diabetic
retinopathy that requires full panretinal photocoagulation
and early vitrectomy to prevent rapid progression of the
tractional retinal detachment.'?

Figure 2.

phorocoagulation scars berween the 9 and 7 o'clock posinons and 4 tractional retinal derachment has d

The right eve of patieat 1 {zestational age 26 weeks; birth weight, 906 21, A, Preoperatively, extreme fibroviseular tissue crows rapidly in the

cloped (stage 4A). Dilarion and rortuosite of

the vasculatire ar the posterior pole, shant vessels, and retinal and vitreons hemorrhages are seen B, Severe dye beakage frone the fibrovascular tissue 1<

ween Gt approxinately 2 minutes and 38 secends 1 C, Twelve duys postoperatively, the reting has reattached withowt retinal dragving under residual fibrous

rissue. D, The dve feakave has aliost resolved and the dilation and rortuosity of vasculature have deereased {(ar approximately 4 minures).

2445



Ophthalmology

Volume 116

. Number 12, December 2009

Figare 3. The feft eye of paient 3 (vestational age 24 weeks; birth weicht, 647 o). A, Preoperatively, ibrovascular tissue grows between the 2 and 8 o'clock

positions and a tractional rerinal detachment has developed involving the fovea (stage 4B). B, Severe dve leakage from the ibrovascular tissue is seen

approximately 2

Vascular cndothelial growth factor (VEGE) and other
angiogenic factors contribute to the formation of neovascu-
larization in ROP. Vitreous VEGE and stromal cell-derived
factor L levels increase in eyes with active vascular stage
4 ROP.' The second essential role of early vitrectomy for
APROP may be that the operation washes out angiogenic
factors such as VEGF and stromal cell-derived factor la.
Vitrectomy also seems to effectively remove the scaffold
tissue and extracellular matrix that mediate angiogenesis.'”

Recently, anti-VEGF treatment has been studied to treat
ROP based on the efficacy of other angiogenic disorders
such as age-related macular disease, proliferative diabetic
retinopathy, and neovascular glaucoma. Intravitreal injec-
tion of bevacizumab (Avastin, Genentech, South San Fran-
cisco, CA), a recombinant humanized anti-VEGF mono-
clonal antibody, has been investigated for severe ROP
including APROP.!¥-20 The drug seems to effectively re-
duce vascular activity including the tunica vasculosa lentis,
dilation and tortuosity of the retinal vessels, and neovas-
cular proliferation with laser photocoagulation in early
stage APROP.'®1? Bevacizumab also may have an effect
on stage 4 ROP; however, in eyes with advanced ROP,
the drug cannot sufficiently reduce the vascular activity
of the fibrous tissue and prevent the rapid progression of the
tractional retinal detachment without vitrectomy.? Most
important, the optimal dose of bevacizumab that preserves
the normal neuroretinal development has not been deter-
mined in human ROP.!®~?2 Severe ischemic retinopathies,
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minutes and 30 seconds). C, Eleven days postoperarively, the reama hus reattached with vesidual renmal folds. D, The dye Teakace i
reduced markedly with dight residuat feakage Gac approximately 4 minutes).

including APROP and florid diabetic retinopathy, are fol-
lowed by marked overproduction of VEGF and other an-
giogenic factors that lead to abnormal vascularization. Thus,
1 injection of a safe dose of bevacizumab probably cannot
prevent rapid progression of the disease. Meanwhile, an
intravitreal injection of bevacizumab is problematic for
APROP, which is characterized by prominent fibrovascular
proliferative tissue, because the drug may cause strong
contraction of the fibrous tissue in advanced ROP.*

Early vitrectomy has a substantial effect on APROP,
presumably by washing out VEGF and other angiogenic
factors resulting in prompt declines in vascular activity. The
positive effect on the disease may result from the complete
removal of the vitreous tractional force and washing out of
the VEGF and other angiogenic factors simultaneously. It is
uncertain if vitrectomy can convert the active vascular stage
to the inactive cicatricial stage via a change in cytokine
release or if the APROP may progress spontaneously to
cicatrization because of the reduced scaffolding area for the
fibrovascular tissue. Further investigation is needed to clar-
ify the mechanism of the rapid conversion of APROP to
cicatrization after vitrectomy.

The current study had some limitations in that it was not
randomized, controlled, or prospective to clarify whether
vitrectomy with lensectomy is more appropriate to treat
eyes with stage 4A APROP. Lens preservation is important
to promote visual development; however, lensectomy may
be necessary when the fibrovascular tissue rapidly grows to



